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ABSTRACT
Origin and Evolution of Dolostone in the Middle Cambrian
Langston Formation, Northern Utah
by
Mark C. Hall, Master of Science
Utah State University
Major Professor: Peter T. Kolesar
Department: Geology
Six major generations of dolomite are present within the Cambrian Langston
Formation in the Wellsville Mountains and Bear River Range of northern Utah.
Identification of dolomite generations and delineation of their relative sequences are
based on normal light petrography, cathodoluminescence, staining, chemistry,
inferred burial history, and deformation features. The earliest stage is believed to
be Middle to Late Cambrian in age. The presence of dolomite rhombs and
dolomitized echinoid fragments and peloids suggests that this stage probably formed
under sabkha reflux conditions . Extensive nonferroan, polymodal, nonplanar
("xenotopic") dolomite formed next under confined mixing zone conditions. A
succeeding generation of pervasive ferroan, polymodal, nonplanar dolomite formed
upon exposure to evolved confined mixing zone waters or fluids derived from basin
compaction. Subsequent neomorphism of these two nonplanar stages to nonferroan
and ferroan saddle dolomites occurred with increased burial. The final stage of
dolomitization is confined to dolomite-filled veins and an orthodolospar probably
fanned from fluids associated with Tertiary Basin and Range faulting. Thus, there

ix

are at least six major types of dolomite within the Langston Formation . Spatial
distribution and intensity of the early-formed dolomite facies, as revealed by fence
diagrams, are postulated to be functions of changes in permeability, hydrodynamic
dispersion, water chemistry, and concomitant variations in length of the induction
stages.

(109 pages)

INTRODUCTION
The Langston Formation is an extensive unit that crops out over much of
northern Utah and southeastern Idaho. The formation has been assigned to the
Lower Middle Cambrian (Glossopleura biozone) based on fauna (Hintze, 1985).
The Langston Formation is comprised of three members. The lowest member is the
Naomi Peak Limestone, a limestone that is only a few meters thick. The middle
member is the Spence Shale, a mudrock up to 35 m thick that is famous for its
fauna (especially trilobites and eocrinoids) . Overlying the Spence Shale is an
unnamed carbonate unit, which is up to 70 m thick, composed of both limestone
and dolostone. The Langston Formation itself is underlain and overlain conformably
by the Geertsen Canyon Quartzite and the Ute Formation, respectively (for a
complete discussion, see the history of stratigraphic nomenclature in Buterbaugh
(1982) and Rogers (1987)).
Several investigations of the Langston Formation have been made to
determine the environments of deposition (Buterbaugh , 1982; Rogers, 1987), with
the consensus being that the formation was deposited in a carbonate peritidal to
detrital outer marine shelf setting located near the shelf edge of a humid equatorial
epeiric sea. To date, however, no detailed study has been made of the dolomite
within the Langston formation.
Dolomite in the Cambrian Langston Formation has been ascribed to a variety
of conflicting processes. For example, one group of workers (Buterbaugh, 1982;
Rogers, 1987) has ascribed massive dolomite in the unit to penecontemporaneous
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sabkha-reflux alteration, whereas others (Kolesar, pers. comm.) attribute the dolomite
to late-stage epigenetic conditions associated with Basin and Range faulting. In
order to clarify this issue, a detailed petrographic and chemical study of the
dolomite within the upper unnamed member of the Langston Formation was made.
The dolomite question, or the dolomite problem, was first explicitly stated by
Fairbridge (1957). The crux of the so-called dolomite problem is that modem
dolomite occurrences are not of the same magnitude and distribution as dolomite
occurrences in the past. Most modem dolomite occurs as finely disseminated
microscopic euhedral to anhedral crystals in a calcite matrix, whereas ancient
dolomite commonly occurs as "massive" crystalline sequences that occupy entire (or
at least large portions ot) platforms. Carbonate petrologists are confronted with the
conundrum of how the ancient, massive dolostones formed. Uniformitarianism, the
usual fundamental working paradigm of geologists, thus fails to provide an answer
to the dolomite question: How does one reconcile the paucity of dolomite in the
modem world with the large amounts of dolomite in ancient carbonate platforms?
Dolomitized platforms form some of the most world's most productive hydrocarbon
reservoirs, carbonate aquifers, and hosts for base metal deposits and thus have a
significant, if indirect, influence on the economies of many countries. Hence, there
is a long-standing interest in determining the origin of massive dolomites.
Delineation of the origin and evolution of dolomitized carbonate platforms can
provide information pertinent to the discovery and, perhaps more importantly,
development and management of these valuable resources. Documentation of how
dolomitization develops in a platform can give information about the chemical and

3

physical history of a potential target, which in tum provides data upon which
exploration, production, and management decisions can be based.
The study area is located on the Brigham City and Hardware Ranch 7 .5
Minute Quadrangles. Two sections in the Wellsville Mountains (Antimony and
Cataract Canyons, sites A and C in Figure 1, respectively, on the Brigham
Quadrangle) were selected and sampled; and thin sections from one section of
Buterbaugh's 1982 study in the Bear River Range (South Cottonwood Canyon,
Hardware Ranch Quadrangle) were re-examined for the study (site B in Figure 1).
An idealized stratigraphic column and an outcrop photograph are shown in Figures 2
and 3, respectively.
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Fig. 3. The upper unnamed carbonate member of the Langston Formation in
Antimony Canyon. Photograph shows the relationship between limestone (gray) and
dolostone (tan) at this location. Note dolomite scallops (arrows). Other locations
are massive dolostone.
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METHODS
After identifying appropriate stratigraphic sections from maps, references, and
preliminary field work, stratified random samples of the outcrops were taken using a
Brunton compass and Jacob staff. This provided a 5-foot sampling interval. Where
a lateral change in lithology (i.e., dolostone to limestone) was observed, clustered
samples from the same horizon were taken .

•

Over 140 standard thin sections were made and examined under both
polarized and cathodoluminescent light sources. Cathodoluminescent examination
was made with a Nuclide luminoscope operated at 0.5 ma and 5-7 kV. Textural
classifications of dolomite were based on the system of Sibley and Gregg ( 1987)
and with occasional reference to Friedman (1965). Depositional textures of
limestone were described according to the classification of Dunham (1962). Relict
depositional textures of dolostone, where determinable , were also categorized
according to Dunham's plan by estimating percent allochems and mud and adding
the prefix "dolo-" to the appropriate term. Relict grains themselves were identified
using diffusers (as suggested by Delgado, 1977; anger,

1979; and Folk, 1987).

The most effective diffuser was simply a piece of white paper placed beneath the
thin section. Carbonate mineralogy was differentiated using Alizarin red S and
potassium ferricyanide according to the instructions of Friedman (1971). Staining
also revealed relative Fe content: Fe-rich dolomite stains blue whereas Fe-poor
dolomite takes no stain. In this paper, the terms "stained" or "ferroan" and
"unstained" or "nonferroan" are synonomous with iron-rich and iron-poor,
respectively.

8
To determine bulk mineralogy and stoichiometry of the dolomite, X-ray
diffraction analyses were performed. Calculations of stoichiometry were based on
the regression line of Murata

~

al. (1972). Bulk rock atomic absorption analyses of

Na and fluid inclusion studies using stable isotope ratios of

18

13

2

0/160, C/' C, and D/H

were made to characterize the nature of the dolomitizing fluid(s). Amount of error
associated with Na analysis is ± 5 ppm (J. Miller, pers. comm.), whereas isotope
analyses are within ± 4 °/00 (R. H. Reesman, pers. comm.).

9
OBSERVATIONS

Petrography

Six basic dolomite textures are present in the observed stratigraphic sections
of the Langston Formation: 1) dolomite rhombs, 2) selectively dolomitized
allochems, 3) "dolospar," 4) stained and unstained nonplanar crystals! 5) stained and
unstained saddle dolomite , and 6) vein-filling dolomite.

Distribution of these

textures and other fabric features will be briefly discussed below . Appendix I has a
more complete description of the thin sections studied.

An interpretation will follow

in a later section.

In Antimony Canyon, the following pattern is observed (see Table 1).
Approximately the lower third of the section is a dolowackestone composed
primarily of stained, polymodal , nonplanar ("xenotopic") dolomite crystals (0.02-0.45
mm)(Fig. 4). Allochems are nonmimically replaced and identified as peloids,
echinoid, and trilobite grains (0.3-1.7 mm). The matrix is also replaced . Small
blebs or pods of unstained, polymodal, nonplanar dolomite (0.2-0.45 mm) are
scattered throughout but account for a very small amount of the dolomite present.
Unstained dolomite rhombs (0.02-0.04 mm) are present, but they also contribute
little to the overall volume of the dolostone.

Many of the rhombs have a "ghost"

habit: they are overprinted by the stained nonplanar dolomite yet are nonetheless
visible because of stained calcite and iron oxide rims (Fig. 5). Minute amounts of
stained and unstained saddle dolomite are present.

The mineralogical contact with

the overlying limestone appears knife-sharp in the field. No evidence of

Table 1. Dolomite fabric and texure features from Antimony Canyon. Rock type
abbreviations: WS-wackestone; MS-mudstone; PS-packstone; DWS-dolowackestone ;
and DMS-dolomudstone . Other abbreviations: Nonferr nonplan-nonferroan
polymodal nonplanar dolomite; Ferroan nonplan-ferroan polymodal nonplanar; and
Nonferr saddle-nonferroan saddle dolomite.
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Table 1. Dolomite fabric and texure features from Antimony Canyon.
Sample
A-55
A-54
A-53
A-52
A-51
A-50
A-49
A-48
A-4 7
A-46
A-45
A-44
A-43
A - 42
A-41
A-40
A-39
A-38
A-37
A-36
A-35
A-34
A-33
A-31
A-29
A-28
A-27
A-25
A-24
A-23
A-22
A - 21
A-20
A-19
A-1 8
A-1 6
A-15
A-1 4
A-13

Rock
Type

Fine
Rhombs

DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS/MS
DWS/MS
OMS/MS

X

rvs
rvs
rvs
rvs
rvs
rvs

ws
ws
ws
ws

WS/PS

ws
ws

DWS
DWS

ws

DWS
DWS
DWS
DWS
DWS
DWS/MS
DWS
DWS
DWS

Coarse
Rhombs

Nonferr
Nonplan
X
X

X
X
X
X

X

Ferroan
Nonplan

Nonferr
Saddle

Ferroan
Saddle

X
X
X
X
X
X

X
X
X
X
X

X

X

X

X
X

X
X

X

X

X
X
X
X

X
X

X

X

X

X

X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X
X
X
X

X

X
X
X

X
X
X

X

X

X

X

X

X
X

X

X

X
X
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Fig. 4. Photomicrograph of polymodal, nonplanar ("xenotopic") dolomite from the
Langston Formation in Antimony Canyon. Note irregular serrated crystal
boundaries. Scale bar is 0.8 mm. Cross-polarized light.

Fig. 5. Photomicrograph of nonferroan "ghost rhombs." That is, rhombs that have
been overprinted by polymodal nonplanar dolomite.

A) Arrow points to zoned

rhomb. Plane-polarized light. B) Arrow points to overprintedl rhomb. Crosspolarized light. Scale bars are 0.3 mm.

13

subaerial erosion or a depositional hiatus is seen.
The middle third of the Langston Formation is a peloid- and echinoid-rich
lime wackestone to mudstone.

Floating, unstained dolomite rhombs (0.02-0.05 mm)

are common, producing a planar-e texture. Unstained, nonmimically replaced,
selectively dolomitized echinoid and peloid grains (0.03-1.8 mm) are also common.
The dolomitized echinoid grains frequently have a syntaxial calcite

rim cement (Fig.

6). A very minor amount of unstained saddle dolomite also occurs.

A sharp but

wavy mineralogical transition exists between this limestone and the overlying
dolostone at the hand-sample scale .
A pattern similar to that seen in the lower part of the Langston Formation is
also present in the upper third of the section. It too is a dolowackestone dominated
by stained, nonplanar dolomite.

Unlike the lower portion, however, unstained ,

nonplanar dolomite crystals, overprinted dolomite rhombs, and saddle dolomites are
more common (Table 1). In particular, unstained saddle dolomite is distinctly more
prevalent .
Under cathodoluminesence , almost all dolostone appears dully to irregularly
luminescent. The exception to this pattern is a cryptically zoned orthodolospar
cement located near the top of the section. That is, the light and dark banding in
the spar cannot be seen without cathodoluminesence . The limestone is almost
entirely nonluminescent, with occasional irregular blebs of luminescence that may be
coincident with scattered dolomite rhombs.
Several types of deformation features are common throughout the entire
section in Antimony Canyon. Stylolites and stylolaminae cut the pervasive stained,

Fig. 6. Photomicrograph of selectively dolomitized grains from the limestone in
Antimony Canyon. A) Plane-polarized light. B) Cross-polarized light. Note
syntaxial calcite rim cement and twin lamellae. Scale bars are 1 mm.

15
nonplanar dolomite (Fig. 7). Dolomite veins also cross-cut the stained, nonplanar
dolomite (Fig. 8). Calcite veins in tum cut both the dolomite veins and pressure
solution features. Deformation twins are common in the larger nonplanar dolomite
and saddle dolomite crystals and in the syntaxial calcite rim cements (Fig. 9).
Further reference to the upper limestone/dolostone contact is appropriate.
One hand sample, A-42, was taken with the contact intact (Fig. 10). After staining,
the apparently sharp contact appeared more diffuse at the thin-section scale, with the
number of unstained, nonplanar dolomite crystals gradually diminishing to an
essentially pure calcite mudstone. A detailed point count was performed to
characterize this gradational contact (see Appendix II). Over a distance of about 2
cm there is a gradational change from essentially pure dolostone to essentially pure
limestone. Dolomite crystal size remains essentially constant throughout the
transition zone. A plot of percent dolomite vs distance (Fig. 11) shows the
relationship between dolomite and the transition zone.
The Cataract Canyon section differs markedly from the Antimony Canyon
section in that there is very little limestone (Table 2); thus, almost the entire section
in Cataract Canyon is dolostone. The dolowackestone lithology is similar to that in
Antimony Canyon, with some notable exceptions . Again, the prevailing dolomite
type is stained, polymodal, and nonplanar (0.03-0.5 mm), with nonmimically
replaced echinoids, peloids, and matrix. Significant textural differences between the
sections are as follows. Unstained, polymodal, nonplanar dolomite (0.3-0.6 mm) is
more common than in Antimony Canyon, though the dolomite still retains its
scattered, pod-like habit. Differences also are found between dolomite rhombs.

16

Fig. 7. Photomicrograph of high -amplitude stylolite common in the Langston
Formation.

Cross-polarized light.

Scale bar is 1 mm.

17

Fig. 8. Photomicrograph showing dolomite veins that cross-cut all other features in
the Langston Formation. Cross-polarized light. Scale bar is 1 mm.

18

Fig. 9. Photomicrograph of deformation twins common in larger dolomite cry stals
in the Langston Formation.

Cross-polarized light. Scale bar is 1 mm.

19

Fig. 10. Photomicrograph of sample A-42 showing transition from dolostone to
limestone. Area to the right of dashed line is dominated by calcite, whereas
dolomite is the dominant mineral to the left. Cross-polarized light. Scale bar is 1

mm.
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count data. See Appendix 2 for details.
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Table 2. Dolomite fabric and texture features from Cataract Canyon . Abbreviations
as in Table 1.
Sample
C-52
C-49
C-48
C-47
C-46
C - 45
C-43
C - 42
C-41
C-40
C-39
C-37
C - 36
C - 35
C - 34
C-33
C-32
C-31
C - 30
C -2 9
C-28
C - 25
C-24
C - 23
C - 22
C -21
C - 19
C - 18
C - 17
C - 16
C-15
C- 14
C-12
C - 11
C-9
C -8
C-5
C-4B
C - 4A

Rock
Type
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS/DMS
DvS
DvS
DvS
DvS
DvS
DvS
DvS
DWS
DWS
DWS
DWS
DWS
D'WS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS/DMS

Fine
Rhombs

Coarse
Rhombs

X

Nonferr
Nonplan

X
X
X
X

X
X

X
X
X
X
X
X

X
X
X

X
X
X
X

X
X
X

X
X
X
X
X

X
X
X
X
X
X

X

Ferroan
Nonplan

Nonferr
Saddle

Ferroan
Saddle

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X

X

X

X

ws
DWS

X

X
X
X
X
X
X
X
X

X

X

X
X
X
X
X
X
X
X
X

X
X
X
X

X

X
X
X
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Overprinted ghost rhombs occur but are larger (0.03-0.8 mm) and have more welldeveloped calcite and iron oxide rims than in Antimony Canyon. Dolomite rhombs
that are not overprinted or are only partially obliterated (0.12-0.5 mm) are abundant
in the upper half of the section (Fig. 12). In some cases (i.e., samples C-34 to C46), rhombs, either extant or partially obliterated, are so prevalent that they form a
local bleb of planar-s texture (Fig. 13). 11rroughout the whole section, stained and
unstained saddle dolomites are more common than in Antimony Canyon.
Cathodoluminescence reveals a pattern like that observed in Cataract Canyon :
the massive dolostone is dull to irregularly luminescent with cryptically zoned
orthodolospar near the top of the section .
Deformation features present are the same as those in Antimony Canyon:
stylolites, stylolaminae, deformation twins, and dolomite- and calcite-filled veins.
The dolomite- and calcite-filled veins have the same cross-cutting relationships as in
Antimony Canyon.
The Langston Formation in Blacksmith Fork Canyon exhibits a considerably
different picture of dolostone at the thin-section scale .(Table 3). Unlike the
dolostone of Antimony and Cataract Canyons, the dominant dolomite is unstained,
polymodal, and nonplanar with nonmimically replaced echinoids, peloids, and
matrix. The lower half of the middle third of the section, however, does contain a
predominant amount of stained, polymodal, nonplanar dolomite . The upper half of
the middle third section is a wackestone/mudstone with incipient unstained dolomite
rhombs and peloids. Both unstained and stained saddle dolomite are common
throughout the section. Some samples (e.g., BF-9c) are composed almost
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Fig. 12. Photomicrograph of large extant rhombs with well-developed calcite and
iron-oxide rims. Scale bar is 0.3 mm.
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Fig. 13. Photomicrograph of planar-s dolomite texture. Note inhibited rhomb
growth indicated by subhedral crystal faces (arrow). Cross-polarized light. Scale
bar is 0.8 mm.
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Table 3. Dolomite fabric and texture features from Blacksith Fork Canyon.
Abbreviations as in Table 1.
Sample
BF-15C
BF - 15B
BF-15A
BF-14A
BF-13A
BF - 11 A
BF-9C
BF -9B
BF -9A
BF -8B
BF -SA
BF - 6A '
BF -6A
BF -5B
BF -5A

Rock
Type

Fine
Rhombs

DWS
DWS
DWS

X

ws
ws
DWS
DWS?
DWS
DWS
DWS
DWS
DWS
DWS
DWS
DWS

Coarse
Rhombs

Nonferr
Nonplan

X

X
X
X

X
X

X

Ferroan
Nonplan

Nonferr
Saddle

Ferroan
Saddle

X

X
X

X

X

X
X
X
X
X

X

X
X

X
X

X

X
X
X

X

X

X

X

X

X
X
X

X
X
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exclusively of stained saddle dolomite (Fig. 14). Extant and overprinted rhombs are
present in almost all samples. Stylolites, stylolaminae, and dolomite and calcite
veins are found in the Blacksmith Fork section. However,

IlQ

deformation twins

were observed, a notable deviation from the pattern seen in the other two sections.
This may be the result of either of two factors: 1) the sampling interval in
Blacksmith Fork Canyon was considerably less, and, therefore, twinned samples
were possibly missed; or 2) differential stresses were too low to cause twinning of
the dolomite.
The dolostone in the Langston Formation is cut by many fractures, whereas
the limestone is relatively unfractured. There appears to be no genetic link between
these fractures and the origin of the massive dolomites, because the fractures crosscut the massive dolomites and stylolites. This relationship suggests that massive
dolomitization in the Langston Formation is a porous media phenomenon rather than
a fractured media phenomenon. The abundance of fractures throughout the
dolostone is postulated to be a function of the relatively brittle nature of the mineral
dolomite relative to that of calcite.
Chemistry

A variety of chemical analyses were performed to characterize the Langston
dolostone: X-ray diffraction, atomic absorption, and stable isotope ratios of water
and carbon dioxide in fluid incusions.
X-ray diffraction reveals that the carbonate minerals present are calcite and
nearly stoichiometric dolomite. The dolomite is slightly calcian, averaging 48%/52%
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Fig. 14. Photomicrograph of thin section dominated by saddle dolomite.

Note

distinctive spear-shaped habit of crystals and sweeping extinction pattern.

Scale bar

is 1 mm. Cross-polarized light.
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The concentration of Na in dolostone is an order of magnitude greater than
the concentration of Na in coexisting limestone (Table 4). If the assumption is
made that the distribution coefficients of Na in calcite and dolomite are similar, then
the observed Na relationship implies that the fluid associated with the dolostone was
neither meteoric nor marine but a brine derived from seawater (Fritz and Katz,
1972).
Stable isotope ratios of fluid inclusions using 180/160 TI D/H and 180/160 vs
13

C/12C reveal the relationships shown in Figures 15 and 16, respectively. The

hydrogen and oxygen isotope values are from fiiO, whereas the carbon and oxygen
isotope values are from CO2• The slope of the 180/160 TI D/H plot for the massive
nonplanar dolomites alone is about 4.5, similar to Craig's (1961) slope of about 5
for evaporative trajectories. This relationship implies that the fluid associated with
dolomitization was a brine derived from seawater.
The data and plot from the 180/160 TI

13

C/12 C values are inconclusive. It is

postulated that the oxygen and carbon isotopic values from the CO2 in the fluid
inclusions were affected by hydrothermal alteration that occurred late in the history
of the Langston Formation. Evidence of hydrothermal alteration includes field
observation of minor antimony, azurite, and malachite mineralization .
A table of the relationships between petrography, isotopic analyses, and Na
analyses shows some interesting patterns (Table 5). Note that the nonplanar
dolomite samples have heavier hydrogen and oxygen values than neighboring
limestones. From this relationship it can be inferred that fluid associated with the
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Table 4. Table showing relationship between Na content and lithology.

LITHOLOGY

NA CONTENT (PPM)

A-14
A-21
A-27
A-29
A-38
A-41
A-44
A-53

r::::a.OSTONE
r::::a.OSTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
r::::a.OSTONE
00...0STONE

371
231
42
26
42
58
197
183

BF-9A

SADDLEDOLOMITE

160

SAMPLENUMBER

C-4A
C-48
C-37

DCX.OSTONE
LIMESTONE
DCX.OSTONE

217
11 3
191
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Fig. 15. Plot showing the 180/160 .Y.S.D/H of H20 in fluid inclusions in the Langston
Formation. The slope of the line is about 4.5. Symbols: filled circles represent
ferroan nonplanar dolomite; empty circles represent lime mudstone; square represents
nonferroan nonplanar dolomite; star represents vein dolomite; triangle represents
ferroan saddle dolomite. Lines connect dolostone and limestone samples that were
physically close. See Table 5 and Appendix I for petrography.
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Table 5. Table of isotopic and atomic absorption data and petrography of analyzed
samples . Petrographic description lists the most dominant textural feature first,
followed by other features in descending order of abundance.

13

18

18

Na
(ppm)

-75

-10.5

371

+28.6

-105

-17 .0

26

-15 . 7

+22 .2

-1 09

-15.0

42

A-43

Ferman polymodal nonplanar
dolomite, nonferroan saddle
dolomite, ghost and extant
rhombs

-11 .2

+22 .5

-78

-7 .4

C-14

Ferroan polymodal nonplanar
dolomite, ghost rhombs

- 13.2

+28.5

-84

-8.5

Ferman polymodal nonplanar
dolomite, nonferroan polymodal
nonplanar dolomite,
nonferroan saddle dolomite
extant rhombs

- 14.3

+29 .9

-84

-9.2

o

C
PDB

0
9vON

80
'2NON

Ferroan polymodal nonplanar
dolomite

- 12.0

+32 .0

A-29

Calcitic mudstone, nonferroan
planar-e rhombs

-15 .6

A-38

Calcitic

SAMPLE

A-14

C-37

PETROORAPHY

mudstone , nonferroan
planar-e rhombs

0

0
'2M:J.N

()

191

w
N

Table 5. Continued.
SAMPLE

C-43

8-8

PETROORAPHY

Ferman polymodal nonplanar
dolomite, nonferroan polymodal
nonplnr dolomite, ferroan
saddle dolomite and nonferroan
saddle dolomite
Dolomite

vein

13

0

18

oD

18

0
9-/CJN

PDB

0
9./0N

-12 .6

+29.3

-6 8

-7 .1

-12.7

+27.1

-8 5

-11

6

C

9v'C>N

0

8-16

Calcitic mudstone, .3 m from
dolomite vein

-15. 7

+21 .9

-11 6

-14.2

B-25

Ferman polymodal nonplanar
dolomite

-10.4

+31.3

-9 3

-10.9

B-26

-12 .4

+27.0

-9 5

-13 .5

BF-6a

Calcitic mudstone
Nonferroan polymodal nonplanar
dolomite, nonferroan saddle
dolomite, ferroan saddle dolomite
extant and ghost rhombs

-14 .9

+30 .1

-8 8

-12 . 1

BF-9c

Ferman saddle dolomite ,
ferroan polymodal nonplanar
dolomite

-14.0

+28.6

-6 1

- 7.0

Na
(ppm)

160
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nonplanar dolomite was non-meteoric water. Hydrogen and oxygen isotope values
for the saddle dolomite sample are more heavy than the values for the nonplanar
dolostone, also implying crystallization in non-meteoric water. More specifically,
these heavier isotope values suggest that a brine was a dolomitizing fluid during
some portion(s) of the Langston Formation's history. Brines are isotopically heavier
than their parent liquids. This inference is in good agreement with that suggested
by the Na content (Table 4), which also implies the presence of a brine during
some part of the Langston Formation's history.
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INTERPRETATION

Any interpretation of the origin of dolostone must address the basic issues of
Mg source(s) -and delivery mechanism(s) (Morrow, 1982b; Land, 1985). In addition
to these points, interpretation of dolostone in the Langston Formation must also
address the types of dolomite present, their origins, and distribution.
In an attempt to answer these questions a series of fence diagrams of the
various dolomite types discussed in the Observation section were constructed to
better see their three-dimensional relationships (Figures 17 to 23). The fence
diagrams are based on Tables 1, 2, and 3. That is, the only data points for the
diagrams are from thin sections made from samples collected in Antimony, Cataract,
and Blacksmith Fork Canyons. The distribution of the various dolomite types in the
areas between Antimony, Cataract, and Blacksmith Fork Canyons are interpretation s.
The interpretations are not based on any intervening sections or borehole data
between the three sampled sections. Surfaces between the sections are thus inferred
but drawn to yield a reasonable geometry to aid in interpretation . A brief
description and discussion of these "dolofacies fence diagrams" follows.
The first fence diagram (Fig. 17) is of the present distribution of limestone
and dolostone. Dolostone in this version is not subdivided into the various dolomite
types. The most significant feature in this diagram is not dolostone but the
presence of limestone . The limestone, which is shown as pinching out, is
interpreted as a depositional "remanie" relatively unaffected by later
dolomitization(s). Succeeding diagrams more highly differentiate the dolostone and
dolomite types that occur within the limestone.
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A

10

mL

LIMESTONE

VE:100

1 km

D

DOLOSTONE

Fig . 17. Fence diagram showing the distribution of limestone and dolostone in the
Langston Formation.
have the same scale.

Vertical exaggeration is 100:1. Succeeding fence diagrams
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Distribution of fine rhombs, overprinted rhombs, and selectively dolomitized
allochems and of coarse, extant rhombs are illustrated in Figures 18 and 19,
respectively.

The diagrams show that fine and overprinted rhombs and dolomitized

grains are common in all sections, whereas coarse extant rhombs are found only in
the upper part of Cataract Canyon and within two distinct layers in the central part
of Blacksmith Fork Canyon.
Unstained (nonferroan), polymodal, nonplanar dolomite distribution is shown
in Figure 20. This type of dolomite has a "massive" habit in Blacksmith Fork and
a spotty distribution to the west, that is, in Antimony and Cataract canyons.
Stained (ferroan), polymodal, nonplanar dolomite distribution is shown in
Figure 21. Cataract Canyon, and the dolostone in Antimony Canyon, are totally
dominated by this type of dolomite.

It occurs in Blacksmith Fork below the

limestone.
Figure 22 illustrates the distribution pattern of unstained (nonferroan) saddle
dolomite.

It too is common to locally massive in the east. Unstained saddle

dolomite commonly occurs in the west sections but only as small patches or blebs .
Figure 23 illustrates the pattern of stained (ferroan) saddle dolomite
distribution.

This stained dolomite type is common throughout Cataract Canyon.

It

is also common in the upper third of Antimony · and the lower half of Blacksmith
Fork canyons . However, it is rare in the lower third of Antimony and upper half of
Blacksmith Fork canyons .
Petrography allows constraints to be defined regarding the time, temperature,
and depths of dolomitization.

Based on stratigraphy and deformation features, one
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•

FINE
RHOMBS

Fig. 18. Fence diagram showing distribution of fine rhombs, ghost rhombs, and
selectively dolomitized grains m the Langston Formation.
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L
1 km

VE:100

COARSE
RHOMBS

Fig. 19. Fence diagram showing the distribution of coarse extant rhombs in the
Langston Formation.
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L

VE:100

1 km

NONFERROAN
POLYMODAL
NONPLANAR
DOLOMITE

Fig. 20. Fence diagram showing the distribution of nonferroan, polymodal,
nonplanar dolomite in the Langston Formation.
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DOLOMITE

Fig. 21 Fence diagram showing the distribution of ferroan, polymodal, nonplanar
dolomite in the Langston Formation.
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Fig. 22. Fence diagram showing the distribution of nonferroan saddle dolomite rn
the Langston Formation.
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Fig . 23. Fence diagram showing the distribution of ferroan saddle dolomite m the
Langston Formation.
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can place upper and lower bounds on the sequence of dolomitizations discussed
above.
A lower bound at about 534 mya, the age of the formation (Hintze, 1985), is
reasonable if one assumes penecontemporaneous dolomitization.
An upper bound on the age of massive dolomitization is given by pressure
solution features that cross-cut the second massive dolostone (e.g., stained,
polymodal, nonplanar dolostone). Stylolites, stylolaminae, and stylonodular features
form from compaction. There is wide disagreement, however, in estimates of burial
depths and rates at which they form. Estimates of effective burial depths range
from approximately 150 m to 4000 m (Scholle and Halley, 1985). Making a simple
burial history diagram (Siever, 1983) allows an estimate of the time during which
this range occurred (Fig. 24). These estimates assume a constant burial rate, with
no intermittant uplift and subsidence. The estimates also assume no influence on
temperature gradients by groundwater flow. The lower pressure solution limit of
150 m of Scholle and Halley (1985) implies a very young ("penecontemporaneous ")
age for development of stylolitic features . This depth of burial would be achieved
by about 532 mya, implying a very early dolomitization.

The upper limit of 4000

m yields a much later origin for the stylolitic features. This depth of burial would
occur about 340 mya. Thus, the upper bound for cessation of dolomitization
neccesarily spans a period of 195 mya. The upper and lower bounds, then, afford a
range for all the major dolomitizations (i.e., both unstained and stained polymodal,
nonplanar generations) to occur, from less than 1 my to a maximum of 195 my.
The shortest range, about 1 my, is consistent with Humphrey's (1988) glacio -

Fig. 24. Simple burial history diagram of the Langston Formation . Plot was
constructed by adding up the thickness of material deposited on the Langston
Formation (data from Hintze, 1985). Numbers on the depth line represent the
approximate time during which each additional kilometer of material was added to
the section above the Langston Formation : 1
Ordovician; 3
6

= Middle

= Upper

Tertiary; 7

Devonian; 4

= ·Upper

Middle Cambrian; 2

= Middle Mississippian;

= Quaternary;

and 8

= Present

5

= Upper

= Middle

Cretaceous ;

uplifted condition . The

technique used to construct the figure assumes steady-state burial with no
intervening uplift and a geothermal gradient of 25°C/km and ignores the effect of
circulating groundwater on temperature gradients.
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eustatic-based interpretation that about 5000 y was necessary for partial
dolomitization by a mixing zone process to occur in Barbados. Because partial
dolomitization can occur within 5000 y, it is reasonable to assume that two
generations of massive dolomitization could occur within 1 my. While these short
ranges may intuitively seem surprisingly short, they are given credence by research
in oil fields. Dolomite rhombs have formed from injected waters mixing with
formation waters at 105°C in approximately 20 y (J. R. Boles, pers. comm.). Again,
because dolomite rhombs can form from mixed oil field waters at high temperatures
in only 20 y, it is reasonable to expect massive dolomitization at near surface
temperatures in 1 my.
According to the burial history diagram (Fig. 24 ), the maximum estimated
temperature reached by the Langston Formation was about 190°C. A check of this
estimate can be made by comparing the hypothesized burial/temperature curve with
depths estimated from the conodont alteration index (CAI) of the Ordovician Garden
City Formation. Based on CAI, Gillet and Taylor (1985) calculated a minimum
burial depth of 5700 m for the overlying Garden City Formation . Assuming the
standard geothermal gradient of 25°C/km and talcing into account the additional
stratigraphic section between the Langston Formation and the Garden City
Formation, this translates into about 7220 m of minimum burial for the Langston
Formation. This is equivalent to about 180°C. This temperature is well above the
proposed formation temperatures for both nonplanar dolomite (50-100 °C, Sibley and
Gregg, 1987) and saddle dolomite (50-160°C, Radke and Mathes, 1980).
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To determine which process(es) were responsible for the patterns seen above,
a critique of some proposed models and their applicability to the Langston
Formation was undertaken, especially with reference to supposed Mg2+source,
delivery mechanism, and criteria (e.g., crystal size, primary sedimentary structures,
climatic associations, and replacement textures) listed by Warren (1989). Models
analyzed as possible working hypothesis candidates included 1) shale compaction, 2)
solution cannibalization, 3) refluxing brine, 4) sulfate reduction, 5) shallow subtidal
(simple seawater), 6) deep burial, and 7) mixing zone dolomitization. Results of
this analysis are in Table 6.
The presence of the Spence Shale beneath the dolomitized upper carbonate
member of the Langston Formation suggested shale compaction as a possible
dolomitization process. In this model, compaction of fine-grained sediments during
burial and the concommitant expulsion of pore fluid is seen as a driving mechanism
for dolomitization . Theoretically, the expulsed water is rich in Mg2+ and is capabl e
of dolomitizing adjacent limestones. As a mode of formation for the Langston
massive dolomite, however, compaction dewatering does not seem viable for the
following reasons. Dolomitization was probably early, before deep burial; therefore ,
there may not have been sufficient overburden to drive the compaction necessary to
expel the dolomitizing fluids. Also, in compaction dewatering, the total amount of
dolomite should decrease upwards from the source. In fact this is not the case.
The Langston is essentially pure dolostone all the way up section to the unaltered
limestone or overlying Ute Formation, depending on location (Table 1). There is no
systematic decrease in dolomite. Dolostone distribution is inconsistent with the
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Table 6. Dolomitization model comparison matrix for the Langston Formation .

DOLOMITIZATION MODEL COMPARISON
MODEL
SHALE
COMPACTION
SOLUTION
CANNIBALIZATION

IN LANGSTON?

EVIDENCE

t-0

VOLUMETRICPROBLEMS,
DISTRIBUTIONINCONSISTENCIES

t-0

VOLUMETRICPROBLEMS
, NO
EVIDENCEOF DISSOLUTION

SABKHA
REFLUX

YES

DOLOMITERHOMBSANO
OOLOMITIZEDALLOCHEMS

SULFATE
REDUCTION

t-0

NO DEEP MARINEDEPOSITS,
NO PYRITE FRAMBOIDS,
LARGE CRYSTALSIZE

SIMPLE
SEA WATER

INDETERMINATE

CRITERIA INDEFINITE

MIXING
ZO\E

YES

CRYSTALSIZE, REPLACEMENT
AND CROSS-CUTI ING HABIT,
PLATFORM,PALEOAOUIFER,
ANO HUMID ASSOCIATIONS

DEEP
BURIAL

YES

SADDLEDOLOMITE

HYDROTHERMAL
FLUIDS

YES

ANTITAXIAL FABRIC IN VEINS
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Spence Shale distribution, the hypothetical Mg2+source. There is almost complete
dolomitization in Blacksmith Fork Canyon, whereas in that location the Spence
Shale is very thin to nonexistent (Buterbaugh, 1982). Finally, there are serious
volumetric problems with Mg2+supply when this model is proposed as a source for
massive dolomitization (Morrow, 1982b; Land, 1985). Hundreds of cm 3 of
compacted shale are needed to dolomitize each cm 3 of limestone.
Volumetric problems also plague the solution cannibalization model. This
model proposes that magnesium calcite provides the Mg2+necessary for
dolomitization.

Dissolution of magnesium calcite and reprecipitation of low-

magnesium calcite is the supposed source of Mg. Whereas this process (and
pressure solution) may dolomitize at a local scale (Goodel and Garman, 1969;
Wanless, 1979), extremely large amounts of Mg-calcite must be dissolved to provide
enough Mg2• for massive dolomitization (Supko, 1977). No evidence for massive
solution is observed.
Buterbaugh (1982) and Rogers (1987) proposed seepage reflux as the major
dolomitizing process. Seepage reflux or sabkha reflux envisions evaporation of
normal marine water to a brine and its subsequent density-driven infitration as an
effective dolomitization process. According to this model, brines seep from sabkhas
or hypersaline lagoons through underlying sediment back to the sea. However,
brine reflux may not be a likely candidate for the massive dolomitization process in
the Langston Formation. Evidence cited by Buterbaugh (1982) to support his
hypothesis is frankly equivocal. Preferential dolomitization of the peritidal facies
(wackestones and grainstones) is not a definitive argument for seepage reflux; all
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dolomitization, regardless of process, will preferentially develop to a greater extent
in more permeable facies. In most cases, Buterbaugh's "relict chickenwire
anhydrite" could also be reasonably interpreted as burrow mottling or stylonodular
features. Designation of blocky quartz as replaced gypsum or gypsum casts is
tenuous; the grains are not lathe-shaped so the sign of elongation is indeterminable.
Many of Buterbaugh's birdseyes or fenestrae are herein reinterpreted as isolated
blebs of saddle dolomite. Whether the saddle dolomite formed from neomorphism
of birdseye infilling or neomorphism of later solution void infilling or growth in a
tectonic void is indeterminable. Thus, much of the evidence cited by Buterbaugh
( 1982) for supposed evaporative conditions is unconvincing.

No evaporites or

associated sedimentary features are present in the overlying Ute Formation. Even if
a brine had developed there, it would probably have been diverted away from the
Langston by the lower Ute shales, which would have acted as an aquitard. More
evidence against massive dolomitization by sabkha reflux has been raised by Machel
and Mountjoy (1986) and Hardie (1987), who pointed out that hypersaline brines
have not produced large amounts of dolomite in modern environments and probably
could not have produced massive dolomitization in ancient environments.

The

potential for partial dolomitization (dolomite rhombs, dolomitized allochems, and
dolomite cements), however, is not disputed by Machel and Mountjoy (1986).
A lack of associated sedimentary features also eliminates the sulfate reduction
model. This model is based on the observation that the sulfate concentration of
natural solutions can kinetically inhibit the nucleation of dolomite. Sulfate-reducing
bacteria are postulated as a way to eliminate excess sulfate from solutions, thereby
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allowing dolomitization to proceed. No deep marine deposits nor pyrite framboids
are present. Unusually large dolomite crystals (up to 0.5 to 1.5 mm) are common,
which is atypical for sulfate-reduction dolomitization (Warren, 1989).
Simple seawater (i.e., seawater that has not been significantly diluted by
meteoric water nor concentrated to a brine by evaporation) has been increasingly
postulated as a dolomitizing fluid (Sass and Katz, 1982; Saller, 1984; Mullins, et al.,
1985; Aharon el .al., 1986). However, no definitive petrographic criteria have been
suggested or documented that could identify this mcxie of formation. At first
glance, seawater dolomitization also does not seem likely in the Langston Formation
because of potential problems in delivery of the seawater (and hence Mg). Given
the fact that the dolomite in the Langston Formation is sandwiched between the
Spence Shale and the lower Ute shale, it seems unlikely that thermally driven
convection currents (~

Saller, 1984; Simms, 1984; Aharon el al., 1986) could

intrcxiuce large amounts of seawater into the system. However, Hardie (1987) stated
that porous edges of carbonate shelves on passive margins may be exposed to
Kohout-type convection. This is a type of thermal convection that develops when
there is a horizontal density gradient between cool seawater and warmer porewaters
within a carbonate platform. Cold, more dense water invades the edge of a
platform and is warmed and bouyed upward. Ocean water is thus transferred up
through the platform and discharged at the shelf edge. Furthermore, given the fact
that seawater provides an essentially infinite resevoir of Mg and that Kohout
convection can be extremely long lived, it seems plausible that flow developed
under such conditions could overcome the hydraulic hinderence presented by the

52
Spence and Ute shales. Thus, Kohout convection may not be an unreasonable
model for massive dolomitization in the Langston Formation. Note that this
phenomenon has been observed in modem steep-sided platforms, but its efficacy in
ancient epeiric sea platforms is unknown.
Alteration in a buried sedimentary basin under the influence of
topographically driven brines (~

Garven and Freeze, 1984) is probably

implausible. The presence of many well-developed stylolites (see Observations and
Appendix I) cutting all but the saddle and vein-fill dolomites almost certainly
precludes "late" or deep burial massive dolomitization.
Mixing-zone dolomitization appears to have played a crucial role in the
evolution of the upper carbonate member of the Langston Formation. In this model;
dolomitization occurs within a diffuse zone of mixed meteoric and phreatic seawater,
with the seawater providing the necessary Mg2·. A mixing-zone-like process seems
possible for several reasons; 1) the medium to coarse crystal size, 2) replacement
and crosscutting habits, 3) platform and paleoaquifer associations, 4) probable humid
association, and 5) probable shallow burial origin all point to a mixing-zone origin.
Deep burial may have also played an important role, but only in that it may
have been responsible for neomorphism (stabilization) of previously formed
· dolomite. Deep burial dolomitization is indicated by saddle dolomite and by
possible recrystallization (stabilization?) of nonplanar dolomite crystals. Probably no
new dolomite was added to the Langston Formation under deep burial conditions;
some dolomite that was present was merely altered. Therefore, it is proposed that a
mixing-zone-like process could have initiated and propagated massive
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dolomitization(s) that was(were) subsequently partially altered by deep burial
dolomitization.
It was not, however, a mixing zone sensu stricto (Badiozamani, 1973;
Hanshaw et al., 1971) but a mixing zone that formed some distance offshore (Fig.
25). Buterbaugh (1982) rightly pointed out that much of the Langston Formation
was deposited some distance offshore and, therefore, probably many kilometers away
from a large, constant source of freshwater.

How does one mix meteoric and

marine waters far offshore in such an epeiric sea setting?

Dolomitization could

have occurred through an offshore mixing-zone process associated with a confined
aquifer.

Such a model is herein dubbed the confined mixing zone.

That is, the

Spence Shale or the clay-rich lower Langston Formation, the upper carbonate
member of the Langston Formation, and the lowermost shale of the Ute Formation
acted as a hydrostratigraphic
with seawater.

unit that delivered meteoric water far offshore to mix

When a large freshwater head is present at the edge of a basin and

there is head loss through an overlying confining layer, a toe of freshwater can
extend seaward far beyond the edge of the basin (Collins and Gelhar, 1971).
Associated with this toe is a potentially mobile transition zone or mixed zone of
freshwater and seawater (Johnston, 1983). Fresh to brackish water has been
observed under the conditions described above in drill-stem tests up to 120 km
offshore in the continental shelf off Florida (Mannheim and Paul, 1981). The scale
of fluid flow is quite reasonable for the portion of the Langston Formation studied.
Based on Rogers' (1987) paleogeographic reconstruction of northern Utah, the
Wellsville sections (the most basinward) were about 60 km seaward of the craton.

Fig. 25. Schematic diagram of the Spence Shale, upper unnamed carbonate, and
Ute Fom1ation as a confined mixing zone. The three units acted as a
hydrostratigraphic unit that delivered meteoric water offshore to mix with phreatic
marine water. Horizontal scale could be from lO's to lOO's of kilometers.

Precipitation

Meteoric

V\

+:>,.
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Topographic relief, the factor that controls the amount of head change and thus
governs gravity-driven flow, in Florida (maximum about 80 m (Gannet, 1906)) and
paleo-Utah (about 60 m (Hintze, 1988) are also of similar magnitude. In one of the
most unequivocal cases of mixing-zone dolomitization documented, Magaritz et al.
(1980) ascribed the formation of dolomite in a carbonate coastal aquifer in Israel to
inland mixing of meteoric water and marine water. They note that the interface
between the waters appears to be diffuse and that it has not been necessarily
stationary in time or space. If such conditions can prevail with inland mixing, it
seems reasonable to assume it can occur offshore within a confined mixing zone.
Theoretically, eustatic-, tectonic-, or recharge-induced migration of this transition
zone up- or down-dip could cause dolomitization through a wide area of a confin ed
carbonate aquifer. Recent computer modeling of migrating mixing zones and
diagenesis by Humphrey and Quinn (1989) supports this concept. In this thought
experiment, combinations of sea-level changes, subsidence, sedimentation, nearsurface subaerial and submarine diagenesis, and mixing-zone dolomitization and their
effect on a carbonate platform were analyzed. The model produced a variety of
diagenetic stratigraphies and showed that thick (up to hundreds of meters thick)
dolomite sequences can develop in carbonate platform margins by mixing-zone
dolomitization . This hypothesis, then, addresses two main stumbling blocks in
problems dealing with massive dolomitization (Morrow, 1982b; Land, 1985); the
questions of Mg source (e.g., the seawater) and delivery mechanism in a
geochemically conducive environment (e.g., confined aquifer flow to generate a
mixing zone) are both neatly answered. While such a scenario may at first seem
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intuitively unreasonable to many geologists, a review of literature dealing with
layered coastal aquifers (see above) and kinetics of dolomitization (Sibley et al.,
1987; Sibley and Gregg, 1987) leads one to conclude that such a process is quite
feasible. Indeed, given the paleogeography and stratigraphy of northern Utah during
the Middle Cambrian, the confined mixing zone process is probably the only way to
mix meteoric and marine waters. Choquette and Steinen (1980) proposed a similar
model to account for dolomitization in porous beds of the Ste. Genevieve Limestone
of the Illinois Basin, and Niemann and Read (1988) proposed a similar confined
coastal aquifer process to explain calcite cement patterns seen in Mississippian
carbonates in Kentucky. Despite these arguments, there is thermodynamic evidence
(Machel and Mountjoy, 1986; Hardie, 1987) against massive dolomitization produced
by mixing zones. In particular, Machel and Mountjoy (1986) marshalled evidence
against mixing zone dolomitization from the work of Magaritz et al. (1980); while
the mixing zone has undoubtedly migrated, there is in fact no massive
dolomitization between the migration points. As in the sabkha model, there is no
dispute that partial dolomitization can occur in a mixing zone.
Thus, all major models of dolomitization in the Langston Formation have
significant arguments against them, either thermodynamic, mass balance, or
petrographic. No one model appears to apply to the Langston, yet the unit is
pervasively dolomitized. How does one solve this conundrum?

Alteration in the

Langston Formation can be no "dolomite ex machina." From petrographic
relationships it is obvious that multiple dolomitization events have occurred, with
each event characterized by a particular dolomite texture or suite of textures. It is
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herein proposed that a variety of processes, ranging from penecontemporaneous to
"late" burial dolomitization, were responsible for the succcession of dolomite types
in the Langston Formation.

Dolomite rhombs and selectively dolomitized grains

formed first in a sabkha-reflux environment.

The next two stages are most difficult

to explain. If one holds with the traditional view that massive dolomite can fom1 in
mixing zones, one can attribute the massive nonplanar stages to mixing zones;
however, if one holds with the more recent view that mixing zones cannot generate
massive dolomite, one must find an alternative model -- the Kohout convection
model. So nonferroan, polymodal, nonplanar dolomite could have developed under
either a confined mixing zone or Kohout convection setting. Reduced waters, either
evolved-confined-mixing-zone or evolved-Kohout-convection waters, or down-dipderived compaction fluids formed ferroan, polymodal, nonplanar dolomite .
Neomorphic ferroan and nonferroan saddle dolomite were produced next under deep
burial conditions. Finally, dolomite veins were generated from hydrothermal fluids,
probably associated with Tertiary faulting.

A schematic diagram (Fig. 26) shows

the hypothesized evolution of the Langston Formation.

The models, their

petrographic significance, and their influence on the Langston Formation will be
discussed below.
The distribution patterns of dolomite types seen in the fence diagrams can
best be explained by combining hypotheses of a genetically useful textural
classification system (Gregg and Sibley, 1984; Sibley and Gregg, 1987),
hydrodynamic theory (Freeze and Cherry, 1979), and kinetic theory (Sibley et al.,
1987). The genetica lly useful classification of Sibley and Gregg (1987) proposed

58

DOLOMITE TEXTURE

PROCESS

LIME
MUDSTONE/WACKESTONE

DEPOSITION

SABKHA
REFLUX

DOLOMITE
RHOMBS

+

DOLOMITIZED
ALLOCHEMS .... DOLOSPAR?

,,
CONFINED
MIXING
ZCN:

NONFERRROAN
NONPLANAR
DOLOMITE

BASIN
COMPACTION

FERROAN
NONPLANAR
OOLOMITE

+

.,
DEEP
BURIAL
HYDROTHERMAL
FLUIDS

SADDLE
DOLOMITE

,,

DOLOMITE+--"---1
VEINS

DOLOSPAR?

Fig. 26. Schematic diagram showing likely dolomitization processes and textures
generated by those processes in the Langston Formation.
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that dolomite textures (crystal size and boundary shape) are a function of
nucleationand growth kinetics. These factors are in turn largely a function of
temperature and/or Mg/Ca in solution; above theoretical (and as yet undetermined)
limits, the so-called critical roughening temperature or critical roughening saturation,
crystals become serrated or nonplanar. Hydrodynamic dispersion is defined as a
tendency for solute to spread out differentially based on variations in permeability
(Freeze and Cherry, 1979). If dolomitization in the Langston Formation is a porous
media phenomenon , as field- and thin-section scale observation suggests , then
dispersion of the dolomitizing fluid due to permeability variations would influence
the distribution and degree of dolomitization.

Salient features of experimental

dolomitization kinetics (Sibley et al., 1987) include the following : 1) dolomite
selectivity of fine grain sizes, 2) selectivity of aragonite and Mg-calcite over calcite,
3) increased dolomitization time with lowered Mg/Ca, and based on the above
factors 4) identific ation of two distinct stages in transformation --an induction stage
and a nucleation/growth stage. The induction stage can be thought of as that period
in which no detectable products form but during which reactants build up to a
critical limit, and the nucleation/growth stage is a period characterized by dolomit e
formation at the expense of reactants.

This approach should afford a reasonable

explanation for not only the origin but also the distribution of some of the dolomit e
textures seen in the Langston Formation.
Before discussing the subject of dolomitization

~

marine and meteoric diagenesis must be briefly addressed.

se, the topics of early
Because dolomitization

has so totally obliterated the original and early diagenetic textures and fabrics,
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textures (marine phreatic: micritization, isopachous fibrous cements; freshwater
vadose and phreatic: solution, meniscus cements, neomorphism of aragonite to
calcite, equant or bladed calcite cements) ascribed to near-surface diagenesis
(Longman, 1980) are almost never observed. The only relict textures from this
realm are syntaxial calcite rims on echinoid and peloid grains and probable solution
voids, now filled with saddle dolomite or orthodolospar.

According to Longman

( 1980), syntaxial overgrowths form almost exclusively in the active and saturated
freshwater phreatic zone, whereas solution is common in both the freshwater vado se
and phreatic zones. These features imply that the Langston Formation was
subjected at least once to a freshwater phreatic environment, probably following a
glacio-eustatic sea-level fall ("regression ") early in its history.
A feasible alternative may be that syntaxial rims developed in a freshwater ,
phreatic -like environment; that is, in a confined mixing zone flushed with meteoric
waters. The syntaxial cements may thus point to a freshening of the original
marine pore water with meteoric water . Which process was actually responsible for
the rims is ultimately indeterminable . Regardless of the exact location and process
of formation , the rims almost certainly formed early in the history of the Langston
Formation.
Selectively dolomitized allochems (echinoids and peloids), which are common
in the calcite mudstones (and formerly so in the wackestones), formed next,
probably under the influence of refluxing brines. Geochemistry favors this model.
The high concentration of N a2+ in dolostone relative to coexisting limestone (Table
4) strongly suggests that the Langston Formation was exposed to hypersaline brine s
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to brines.

Many of these grains have the syntaxial rims described above.

Dolomitization is believed to be post-freshwater diagenesis, precisely because of the
syntaxial rims; the calcite rims must have originally nucleated on a calcite substrate
in order to develop their optical continuity.

Deformation twins, which are

continuous in the rim but not continuous across the dolomitized grain, imply that
these grains were formerly calcite (Fig. 6). These grains were then preferentially
dolomitized probably because of their Mg calcite and aragonite mineralogies (see
dolomitization kinetics above). It is worthy of note, however, that Humphrey
(1988) has described multiple couplets of syntaxial dolomite/calcite cements in
which the dolomite cement always precipitated first. If this observation is correct,
then the sequence of dolomitization and syntaxial rim development may be reversed.
Rhombic dolomitization of calcite mudstones and intergranular matrix was
probably either coeval with or started slightly later than allochem dolomitization .
Clear dolomite rhombs form in environments of relatively low Mg/Ca ratios or at
relatively low temperatures (Folk and Land, 1975; Sibley and Gregg, 1987). The
pattern of fine rhombs , selectively dolomitized allochems, and coarse rhombs
(Figures 18 and 19) can be best explained by viewing them as slightly differing
expressions of a sabkha- reflux dolomitization process rather than as two separate
generations . The spatial distribution of the rhombs and dolomitized grains can be
explained by assuming that the process that formed the fine rhombs and dolomitiz ed
grains in Antimony Canyon was simply longer lived in portions of Cataract and
Blacksmith Fork canyons, forming more and coarser grains. Consider that the
observed geometry was caused by interaction of pore water flux, sediment
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composition, and permeability changes - - both primary depositional (original
mudstone and wackestone porosity /permeability heterogeneities) and imposed
diagenetic changes (porosity/ permeability evolution through cementation,
compaction, and dolomitization). Several workers (Dawans and Swart, 1988;
Murray and Lucia, 1967) invoked similar logic to explain textural and geochemical
patterns in dolostones. Fluid flux, sediment reactivity, permeability, and
dolomitization are thus interrelated. The first three factors develop a subtle dynamic
that controls the distribution and magnitude of dolomitization. The result of this
tripartite interplay is to decrease the length of the induction stage (the proposed
rate-limiting step in dolomitization), thereby facilitating dolomitization. Ultimately,
this process is also self-limiting; with increasing dolomitization less material is
available for dolomitization, porosity and permeability change, developing a
feedback that eventually halts further dolomitization. Key in this feedback loop are
porosity and permeability evolution. Porosity and permeability changes depend on
how dolomitization proceeds; replacive dolomitization maintains original porosity,
while obliterative dolomitization increases porosity (Morrow, 1982a). Note that
most of the massive dolomite in the Langston Formation is obliterative (see
Observations). Permeability increases result in increased flow of fluids and more
dolomitization, with the solute experiencing longer exposure to the rock through
increased travel distance. This leads to longer exposure (both temporal and spatial)
to available ions from diffusion from the surrounding rock. The dolomitizing fluid
thus tends to become more equilibrated with respect to the rock (or vice versa),
thereby moderating its dolomitization potential. That is, the longer the solution is in
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contact with the rock, the more it loses its ability to alter the rock. The foregoing
is based on the work of Ortoleva et al. (1987), who proposed a reaction-infiltration
feedback process to explain scalloping and fingering alteration patterns in rocks.
The apparent existence of this feedback mechanism may imply that dolomitization is
a self-organizing geochemical process (sensu Ortoleva et al., 1987). The dolomite
scallops seen invading the limestone in Antimony Canyon may be mesoscale
evidence of this phenomenon, with the scallops and fingers representing incipient
dolomitization of the calcitic mudstone (Fig. 3).
Schematic diagrams of flow paths of water in the Langston Formation as a
confined coastal aquifer show a deviation and concentration of migrating
groundwater into the general areas characterized by the distribution of dolomite
rhombs illustrated in the first two dolofacies diagrams (Figures 18 and 19). This is
dictated by the physics of groundwater flow. The flow path of water is a function
of permeability and porosity . In the absence of other influencing factors, such as
temperature and density gradients, water will preferentially flow through the more
permeable portion of a unit. Assume that differences in the porosity , permeability,
and hydraulic conductivity between the dolostone precursor (probably a wackestone )
and limestone (a mudstone) were large enough to induce differential flow through
each (Fig. 27). The contrast in abilities to transmit water would result in a
heterogeneous system, with more fluid passing through the more permeable portion
and adjacent less permeable portions than through distant, less permeable portions of
the formation . In this case, the wackestone and abutting mudstone, which would be
exposed to more flux and thus subject to more alteration. The less permeable
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Fig. 27. Schematic diagram of flow path of water during sabkha-reflux
dolomitization. Solid lines with arrows represent flow paths and dashed lines
indicate approximate positions of equipotentials . AB and CD are impermeable ,
whereas BC and AD are constant-head boundaries . The permeability and hydraulic
conductivity of the wackestone (K:z)is assumed to be several orders of magnitude
greater than the mudstone (K 1).

This results in a general deviation of flow away

from the mudstone facies. The net product of this flow system is greater
dolomitization in the wackestone facies relative to the mudstone facies.
Petrographic observation supports this hypothesis; the central portion of the
mudstone is unaffected by sabkha-reflux dolomitization and later dolomitization
events.
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section would be exposed to less flux and thus subject to less alteration.
Petrography supports this idea. In the study area, the upper, unnamed carbonate
member of the Langston Formation is basically a lime mudstone sandwiched
between dolowackestone (Fig. 17). At the thin-section scale in Antimony Canyon
(Table 1), dolomite rhombs and dolomitized allochems (the proposed poducts of this
stage of dolomitization) are scattered throughout the dolowackestone and the upper
and lower portions of the lime mudstone. The central portion of the lime mudstone
(around sample A-41), however, is devoid of dolomite rhombs and dolomitized
allochems. This is the "core" of the limestone, and it represents that portion of the
limestone unaffected by the dolomitizing fluid. Diagenetic changes in composition
and permeability (growth of dolomite rhombs at the expense of calcite mudstone
matrix, precipitation of dolomite rhombs in voids (sensu Lasemi et al., 1989), and
possibly the deposition of dolospar cement) would presumably further alter the flow
paths such that flux would be even more concentrated to those zones where the
coarse rhombs are most prevalent. Increased flow (volume, duration, or a
combination of both) would cause a concomitant increase in the amount of solute
delivered, thereby overcoming the proposed kinetic hurdle of lengthy induction
stages. Exceeding the induction stage (by increasing Mg/Ca ratio or saturation with
respect to dolomite) would increase the number of dolomite nuclei. These in tum
would develop into more rhombs and larger rhombs would develop through longer
exposure to the dolomitizing fluid. Petrographic observations support this
hypothesis. The planar-s to planar-e textures (Fig. 23) constituted by some of the
coarse rhombs in Cataract and Blacksmith Fork canyons are probably the products
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of such a process. This stage was marked by incipient occlusion of primary
porosity through rhomb growth and early compaction.
The observed pattern of nonferroan, polymodal, nonplanar dolostone can also
be explained by the linked texture/ hydrodynamic/ kinetic hypothesis. Using the
early-formed rhombs and selectively dolomitized grains as nucleation sites, either a
confined mixing zone or Kohout convection cell process is envisioned as the basic
dolomitization agent. Unlike the earlier rhomb and dolomitized allochem stage
described above, the fluxing water must have changed; and the type of change in
the flux is constrained by the theory of texture development in dolostones. Changes
necessitated by the transition to a serrated, nonplanar texture must have been 1)
increased Mg/Ca or saturation of the fluid with respect to dolomite , 2) increased
temperature , or 3) some combination of the two. These requirements could be met
in a variety of ways. In a confined-mixing-zone setting, a sea-level rise (or basin
subsidence) would increase the Mg/Ca by renewing the amount of marine water in
the pore spaces. Similar Mg/Ca changes would occur during periods of reduced
freshwater recharge. In a Kohout convection setting, prolonged exposure to
convecting ocean water alone could arguably increase the Mg/Ca of the pore fluids.
Either process could send the unit above the critical roughening saturation.
Increased burial, with or without a change in pore fluid chemistry, could send the
aquifer above the critical roughening temperature. Any of these proposed changes
could initiate the observed boundary roughening.
Was the transition from rhombs to nonplanar texture the expression of
natural platform evolution and/or increased burial, or does the texture change
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represent an actual cessation of dolomitization and its subsequent reinitiation (i.e., a
separate stage with a protracted interval of no alteration)? Whether a hiatus in
dolomitization actually occurred is difficult to determine, but some clues may lie in
petrography. Edges of dolomite rhombs and allochems (Figures 6, 12, and 13) do
not appear "corroded." Observed Fe rims could be the product of changing porewater chemistry (Katz, 1971). Based on staining, the rhombs and dolomitized
allochems are similar in Fe content to the unstained, nonplanar dolomite. While
admittedly circumstantial, these observations suggest more of a continuum or an
evolution of dolomitization rather than cessation and reinitiation . That is, if a
sabkha-reflux process is responsible for the dolomitized allochems and dolomite
rhombs, and a confined mixing zone process is responsible for the nonplanar
dolomite stage, no significant hiatus in dolomitization occurred . Even if a Kohout
convection setting were operative, it appears that no profound lapse in
dolomitization occurred . The possibility of a dolomitization continuum is consistent
with texture evolution theory (Sibley and Gregg, 1987). Permeability must have
been further increased through development of the nonplanar texture during this
stage.
Origin and pattern of the stained, nonplanar, polymodal dolomite can also be
explained by the confined mixing zone model. Because the dolomite is stained, one
must account for presence of Fe 2+ in the dolomitizing fluid. This can be
accomplished by invoking a reducing environment for the water source (Katz, 1971)
or simply through a sequence of redox reactions common in confined aquifer
evolution (Champ et al., 1979). The most likely source for reduced water, based on
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paleogeography, paleoclimatology, and paleoecology of the Middle Cambrian, is a
shallow, stagnant, swamp-like environment dominated by blue-green algae or
cyanobacteria. Paleoecological reconstructions (Deputy, 1984; Rogers, 1987) suggest
that parts of the overlying Ute Formation could have supplied the required type of
water. However, the intervening shale of the lower Ute Formation could have
diverted this reduced water. The proposed redox sequence of Champ et al. (1979)
may also be called upon to provide the necessary water, but existence of such a
sequence during this particular dolomitization event is indeterminable. The total
dominance of and obliteration by this dolomite type over all others (Appendix I)
implies that it occurred late in the sequence and/or was long lived. Note that most
of the extant nonferrroan, polymodal, nonplanar dolomites are larger than the rest of
the ferroan, polymodal, nonplanar dolomite crystals (Appendix I). This is
interpreted to be a function of surface area; the smaller nonferroan, polymodal,
nonplanar dolomite crystals were preferentially re-dolomitized by the ferroan stage
over the larger nonferroan dolomite crystals. By the end of the stained nonplanar
stage, porosity and permeability must have been greatly changed relative to their
original values; and the proposed feedback mechanism reached a critical value
causing cessation of mixing-zone dolomitization.
In the Kohout convection model, the presence of reduced Fe might be easily
explained. The stained dolomite may have been produced from reduced water that
originated and convected from an anoxic basin. However, there is no evidence that
such a basin existed.

69
An alternative explanation of the stained, nonplanar dolostone also involves

the confined mixing zone but has the added component of differential compaction
(Fig. 28). Consider that with passing time, the shelf ("basin") on which the
Langston Formation was deposited gradually received more sediment. Eventually,
the sediment could develop differing thicknesses, with greater amounts of sediment
on the distal portion of the shelf and lesser amounts of sediment in the proximal
parts. This differential loading would develop a pressure gradient. With time, the
pressure gradient would produce enough hydrodynamic drive to overcome the
gravity-driven pore-water flux and push the connate water and the mixing zone back
up-dip. In this scenario, the dolomitizing fluid must come from the buried Langston
aquifer and associated sediments. The Spence Shale, upper carbonate member of
the Langston Formation, and the lower Ute shale presently contain organic matter
(1-3% by weight) and illite in the western part of the study area (Buterbaugh, 1982;
Deputy, 1984). Because these units are organic- and illite-bearing today, even after
prolonged subaerial weathering conditions, it is reasonable to assume that they must
have been more so in the past. Decaying organic matter could produce the reducin g
environment necessary to transport Fe 2+, whereas the Spence Shale, intercalated
shales in the carbonate member of the Langston Formation in Miner's Hollow (the
canyon immediately north of Cataract Canyon), and the lower Ute shale would
provide the Fe2+ itself from smectitie-illite conversion. Thus, Fe 2+ could be locally
produced and transported to form the stained nonplanar dolostone. Circumstantial
evidence for movement of the dolomitizing fluid up-dip (i.e., to the east) is seen in
the shape of the stained, nonplanar dolostone stage (Fig. 21); it is massive in the

Fig. 28. Schematic diagram of the Spence Shale, upper unnamed carbonate, and
Ute Formation as a confined mixing zone with the added factor of differential
compaction adding Fe

2

+

to the system. Shales in the lower Ute Formation, portions

of the upper unnamed carbonate, and the Spence Shale produced Fe 2+ from smectiteillite conversion and a reducing environment from decaying organics.
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west (i.e., in Antimony and Cataract canyons) and thins to the east (i.e., Blacksmith
Fork Canyon). This attenuation of ferroan dolostone may imply fluid migration
towards the east. Modelling by Bethke (1985, 1986), however, implies that
compaction-driven flow may operate too slowly to be of significance in diagenesis
on a basin-wide scale. Compaction regimes generate flow rates on the order of
km/ma. This rate is very "slow" and may easily be exceeded by diffusion alone.
Note, however, that Bethke's work is based on a two-dimensional model of
compaction-driven flow in an intercratonic basin and was designed to constrain
theories on the origin of Mississippi Valley-type ore deposition. This work may not
be applicable to rapidly subsiding marginal basins.
Recognition of this potential limitation on compaction flow leads to
development of another alternative. Simple diffusion of Fe2+ may account for the
observed pattern of ferroan dolomite. In this case, the source material for Fe2+
remains the same. The Fe required could have been derived from smectite-illite
conversion in the Spence Shale, intercalated shales of the carbonate member of the
Langston Formation in Miner's Hollow, and the lower Ute Shale.
Saddle dolomite arises through growth or neomorphism at high temperatures
(50-160°C)(Radke and Mathes, 1980). Neomorphism of pre-existing confinedmixing-zone dolostone (either nonobliterated unstained or extant stained nonplanar
crystals and dolospar) is invoked as the origin of the saddle dolomite seen in the
Langston Formation. It is simpler to ascribe unstained and stained saddle dolomite
to neomorphism of the nonplanar dolomite generations and unstained dolospar than
to conjure up fluids at depth that just happen to have chemistries similar to the
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waters that fonned the mixing-zone dolomite.
Note that the foregoing discussion implies a sequence of diagenetic or
dolomitization events, with each event characterized by a texture or suite of textures.
Early-formed textures would be subject to alteration or outright destruction by
textures produced by succeeding events. The so-called "ghost rhombs" (zoned
rhombs partially obliterated by nonplanar crytals) are one line of evidence
supporting this hypothesis (Fig. 5). The observation of a chain of dolomitization
events or stages suggests that dolomite diagenesis has occurred in the Langston
Formation. Fischer (1989) and Zenger and Dunham (1989) emphasized the
importance of dolomite diagenesis in explaining the origin of dolostones.
Neomorphism of the early-formed nonplanar dolomite stages and dolomite rhombs to
larger nonplanar grains (recrystallization) under high temperature and pressure is
theoretically possible (Sibley and Gregg, 1987). Whether or not this occurred,
though, is difficult to determine. The irregular to dull cathodoluminescence typical
of most of the Langston Formation, however, supports the idea of recrystallization.
Irregular to dull luminescence patterns indicate recrystallization (Smith and Dombek ,
1987). Further textural evolution and porosity destruction under the influence of
high temperature might explain the extremely low porosities observed today (less
than 1% inter- and intragranular porosity). Indeed, Fischer (1989) asserted that
neomorphism or recrystallization of dolomite can only occur when porosity evolves
to interboundary sheet pores, permeability is greatly reduced, and active solution
films occupy the interboundary sheet pores. The low porosity and nonplanar fabrics
may attest to such neomorphic or recrystallization processes. Aside from the
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obvious textural changes wrought by recrystalization or textural stabilization, such
processes would probably result in some degree of geochemical homogenization
(Land, 1985; Humphrey and Quinn, 1989). The slight deviation of the slope of the
18

0/160 vs D/H of the Langston Formation away from the trend of Craig's

evaporative basins (Fig. 15) and the closeness in the Na content of the clustered
samples C-4a (dolostone) and C-4b (limestone) (Table 4) may be artifacts of this
geochemical homogenization.
Dolomite veins are almost certainly the product of a late-stage hydrothermal
fluid. This observation is supported by the cross-cutting habit of the veins. The
veins cross-cut the massive nonplanar dolomite generations and stylolitic features.
The cathodoluminescent orthodolopar may also be the result of migrating
hydrothermal fluids.
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SYNTHESIS

The most disturbing facet of dolomitization is the paucity of definitive or
unequivocal criteria one can use to determine the mode and exact timing of
formation. In fact, it is probably safe to say that in the majority of cases geologists
will never know with certainty how a particular geologic unit was dolomitized.
Almost all arguments and proofs are equivocal and tenuous. This is indeed the case
with most geologic processes, but nowhere is the uncertainty more manifest than in
dolomitization research. That is to say, dolomitization research constantly pushes
geology to its epistemological limits. Hardie (1987) recognized the present
limitations and wisely suggested restraint in the formulation and unfounded
application of grand, all-encompassing genetic models to appease the "bottom line
mentality." Deferring a definitive answer in the light of equivocal indicators is
more than good sense, it is good science. Whereas it is frequently possible to make
generalizations, clear-cut, authoritative specifics are rare. Clear-cut specifics about
the dolomite in the Langston Formation are few: 1) There are six types of dolomite
textures present, 2) these types of dolomite are the product of five separate
generations of dolomitization, and 3) massive dolomitization (i.e., both nonferroan
and ferroan, polymodal, nonplanar dolomite) occurred early in the history of the unit
(i.e., prior to stylolitization, veining, and fracturing). The remaining are
generalizations or interpretations based on the above specific observations: 1)
Dolomitization was controlled by permeability/ porosity evolution of the limestone
precursor and subsequent dolostones; 2) source of nonferroan dolomitizing fluid for
the massive nonferroan dolomite was either a confined mixing zone or Kohout
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convection setting, with the mixing zone tentatively suggested as the more probable
setting; 3) the source of the ferroan dolomitizing fluid was either an evolved
confined mixing zone, basin compaction, or Kohout convection originating from
anoxic bottom waters or an anoxic basin; the basin compaction setting is herein
tentatively postulated as the most probable; 4) ferroan and nonferroan saddle
dolomite developed from neomorphism of ferroan and nonferroan polymodal,
nonplanar dolomite, respectively; and 5) dolomite veining probably occurred during
Tertiary Basin and Range faulting.
The cross-cutting nature of the dolostone, that is, the funnel- to scallopshaped habit with which it penetrates limestone in Antimony Canyon (Fig. 3) within
the upper unnamed member of the Langston Formation is herein postulated to be a
product of geochemical self-organization . While the majority of the dolomite within
the Langston Formation is demonstrably restricted to the coarser-grained peloidal
wackestone/grainstone facies (i.e., the more permeable facies; Tables 1, 2, 3, and
Appendix I), the aforementioned dolomite funnels and scallops invade calcite
mudstone. These alteration features can be thought of as the leading edge of
dolomitization fronts that heralded incipient massive dolomitization of the lime
mudstone. The upper unnamed carbonate member of the Langston Formation, with
dolomite fronts invading limestone, is thus an en medias res example of
dolomitization. Perhaps given more time or more solute the entire member would
have been dolomitized . Specifically, the funnels and scallops probably represent a
reaction-infiltration-type of self-organization.
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From the foregoing specifics and generalities about the Langston Formation,
one can say that both groups of previous workers were partially correct, yet neither
was completely right. Dolomite in the Langston Formation of the Wellsville
Mountains and the Bear River Range is the result of both penecontemporaneous
sabkha-reflux alteration and "late" exposure to hydrothermal fluids associated with
Basin and Range faulting, as well as three other heretofore unrecognized processes:
1) confined mixing zone dolomitization, 2) modified confined mixing zone or basin
compaction dolomitization, and 3) deep burial neomorphism of previously formed
dolomite. The dolostone in the Langston Formation is thus an example of a
"complex" dolostone. Dolomitization was a step-wise or iterative process, with each
process leaving tell-tale petrographic and geochemical signatures.
Further study to augment the fundamental petrographic and geochemical work
of Buterbaugh (1984), Rogers (1987), and this paper should take an interdisciplinary
approach. Suggested subjects for research include the following: 1) Use
spectrometry combined with cathodoluminescent light sources and chemical analyses
(as suggested by Machel, 1985) to identify quenching and activating ions to better
identify the cathodoluminesence stratigraphy of the Langston Formation. This
investigation will better determine the history of dolomite diagenesis.
2) Continue to work with detailed point counts across the mineralogical fronts and
apply diffusion/dispersion curves to better describe how dolomite fronts migrated in
the Langston Formation. 3) Document trace element distribution, as suggested by
Machel (1989), to determine paleoflow directions. 4) Map dolomite scallops and
fingers that invade the unaltered portion of the Langston Formation to identify
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paleoflow directions, amounts of solute involved, and distance travelled by the
dolomitizing fluid (Ortoleva et al., 1987). These studies can delineate more
quantitatively the processes that affected the Langston Formation. Identification and
description of these processes can then shed light on the larger question of the
origin of massive dolomite in carbonate platforms.
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Appendix A: Thin Section Descriptions
Thin section descriptions include the following data: 1) Mineralogy as
determined by staining; 2) textural classification (grain size, boundary, allochems,
matrix) after Sibley and Gregg (1987); 3) depostional texture after Dunham (1962);
4) descriptions of cements, stylolitic features, veins, cathodoluminescence, and
miscellaneous aspects.
Antimony Canyon
Located approximately 4.5 km north of Brigham City on the Brigham City
quadrangle.

Sample location is on the north side of the saddle between Antimony

and Hansen Canyons at about 1960 m (6400 ft)(Fig. 29). Description of thin
sections begins with samples collected at the lowest outcrop of the upper unnamed
carbonate member of the Langston Formation above a series of fossil-collection pits
known locally as "Gunther's quarry ."
A-13: Ferroan dolomite, polymodal (0.03-0.5 mm), nonplanar; allochems
(echinoids, peloids) replaced nonmimically; matrix replaced. Dolowackestone.

No

cements, veins, or stylolites.
A-14: Ferroan dolomite, polymodal (0.03-0.7), nonplanar; allochems
(echinoids, peloids) replaced nonmimically; matrix replaced. Dolowackestone.

No

cements. Stylolites common. Dolomite vein cuts dolostone matrix. Staining reveals
incipient calcitization along stylolites.
A-15: Ferroan dolomite, polymodal (0.03-0.45 mm), nonplanar ; allochems
(echinoids, trilobites, ooids?) replaced nonmimically; matrix replaced.
Dolowackestone. Pods of nonferroan, polymodal, nonplanar dolomite. No cements,

86

\

\

\
\

\
\

\
\

\ I
\ \
\

\

.\

Fig . 29. Location of the Antimony Canyon sampling traverse (Brigham City 7 1/2
minute quadrangle).
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veins, or stylolites.
A-16 : Ferroan dolomite and calcite, polymodal (0.02-0.66 mm), nonplanar;
allochems (peloids, brachiopods) replaced nonmimically; matrix replaced.
Dolowackestone. No cements. Stylolites accented by calcitization and hematite.
Dolomite vein cuts matrix dolostone. Unaltered calcite portion (mudstone?) revealed
by staining.
A-18 : Ferroan dolomite, polymodal (0.12-1.8 mm), nonplanar with blebs of
planar-s created by dolomite rhombs; allochems replaced nonmimically (peloids,
trilobites) and mimically (echinoids); matrix replaced. Dolowackestone.

Nonferroan,

polymodal, nonplanar dolomite present. No cements. Stylolites and stylolaminae
common. Some authigenic quartz.
A- 19: Ferroan dolomite , polymodal (0.12-1.7 mm), nonplanar with blebs of
planar-s created by dolomite rhombs; allochems replaced nonmimically (peloids and
trilobites) and mimically (echinoids); matrix replaced . Dolowackestone.

Nonferroan,

polymodal , nonplanar dolomite present. Remnant syntaxial cement on echinoids?
Stylolites and stylolaminae common. Fractures cut stylolites.
A-20 : Ferroan dolomite, polymodal (0.06-1.7 mm), nonplanar with blebs of
planar-s (rhornbs); allochems replaced nonmimically (peloids) and mimically
(echinoids); matrix replaced. Dolowackestone.

No cements. Some stylolites with

incipient calcitization .
A-21: Ferroan dolomite, polymodal (0.03-.8 mm), nonplanar; allochems
replaced nonrnimically (peloids) and mimically (echinoids); matrix replaced .
Dolowackestone to dolograinstone . No cements. Stylolites (FeO accented) and
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stylolaminae common. Dolomite veinlet cuts dolomite matrix.
A-22: Ferroan dolomite, polymodal (0.08-1.8 mm), nonplanar; allochems
replaced nonmimically (peloids) and mimically (echinoids); matrix replaced.
Dolowackestone. Twinned ferroan saddle dolomite present. No cements, stylolites,
or veins.
A-23: Calcite, Sibley and Gregg (1987) NA. Mudstone. Very fine (about
0.03 mm), disseminated, nonferroan dolomite rhombs visible at high power.
Nonferroan, polymodal, nonplanar dolomite present locally. No cements or stylolitic
features. Very fine dolomite veinlets common.
A-24: Ferroan dolomite, polymodal (0.12-1 mm), nonplanar; allochems
replaced nonmimically (peloids); matrix replaced. Dolowackestone . Pods of ghost
rhombs present. No cements. Some stylolaminae. Calcite vein.
A-25: Ferroan dolomite, polymodal (0.02-0.6 mm), nonplanar ; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone. Pods of ghost
rhombs present, as are blebs of nonferroan saddle dolomite. No cements, stylolitic
features, or veins.
A-27: Calcite, Sibley and Gregg (1987) NA. Wackestone . No cements,
stylolites, or veins.
A-28: Calcite, peloidal wackestone . Well-developed, nonferroan dolomite
rhombs (about 0.03 mm) scattered throughout calcite matrix ("poikilotopic" sensu
Friedman, 1965). No cements or stylolites. Many thin calcite veinlets.
A-29: Calcite, peloidal wackestone. Scattered dolomite rhombs as above.
No cements, stylolites, or veins.
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A-30: Calcite, peloidal wackestone. Scattered dolomite rhombs. No cements
or stylolites. Some calcite veins and vugs.
A-31: Calcite, peloidal and echinoid-rich wackestone.

Scattered nonferroan

dolomite rhombs. Syntaxial calcite rim cements on dolomitized echinoid grains.
No other cements, stylolites, or veins. Syntaxial rims twinned.
A-32: Calcite, peloidal and echinoid-rich wackestone. Scattered nonferroan
dolomite rhombs. Syntaxial calcite rim cements on dolomitized echinoid grains.
No other cements, stylolites, or veins. Syntaxial rims twinned.
A-34: Calcite, peloidal and echinoid-rich wackestone.

Scattered nonferroan

dolomite rhombs . Syntaxial calcite rims cements on dolomitized echinoid grains are
twinned. No other cements, stylolites, or veins.
A-35 : Calcite, peloidal and echinoid-rich wackestone. Scattered nonferroan
dolomite rhombs . Syntaxial calcite rim cements on dolomitized echinoid grains are
twinned. No other cements . Sparse stylolaminae and bifurcating calcite veinlets.
A-36 : Calcite, peloid and echinoid-rich wackestone. Increased amount of
scattered, nonferroan dolomite rhombs (about 50% of field at high power).
Syntaxial calcite cements on dolomitized echinoid grains. Isolated blebs of
nonferroan, polymodal, nonplanar dolomite. No other cements. Faint stylolaminae.
Criss-crossing calcite veinlets with incipient dolomite rhombs.
A-37: Calcite, mudstone with peloid-rich wackestone laminae. Scattered
nonferroan dolomite rhombs abundant, especially in mudstone portion. Some
nonferroan, polymodal, nonplanar dolomite present. No cements, stylolites, or veins.
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A-38: Calcite, mudstone. Scattered nonferroan dolomite rhombs . Isolated,
nonferroan, polymodal, nonplanar dolomite. No cements or stylolites , but two
generations of dolomite veinlets.
A-39: Calcite, peloid and echinoid-rich mudstone. Scattered nonferroan
dolomite rhombs. No cements or stylolites. Patches of nonferrroan saddle dolomite
present. Two generations of veins; calcite vein cuts dolomite vein.
A-40: Calcite, peloid-rich wackestone.

Scattered nonferroan dolomite

rhombs. No cements. Stylonodular accumulation of dolomite rhombs common.
Anastomosing calcite veinlets.
A-41: Calcite, mudstone. No scattered dolomite rhombs within calcite
matrix. Essentially "pure" limestone. No cements or stylolites. Some calcite veins.
A-42 : Calcite/nonferrroan dolomite, polymodal (0.02-0.08 mm), nonplanar; no
allochems; matrix replaced. Mudstone. No cements or stylolitic features. Dolomite
veinlets cut both calcite and dolomite matrix (nonferroan, polymodal, nonplanar
dolomite. Complete description, including point-count data in Appendix II.
A-43: Ferroan dolomite, polymodal (0.06-0.6 mm), nonplanar; allochems
replaced nonmimically (peloids); matrix replaced. Dolomudstone to wackestone.
Ghost rhombs and ferroan saddle dolomite present. No cements or stylolites.
Dolomite veinlets.
A-44: Ferroan dolomite, polymodal (0.22-0.55 mm), nonplanar; no allochems;
matrix replaced. Dolomudstone. Both extant and ghost rhombs present. Twinned
nonferroan saddle dolomite occurs in patches. No cements or veins. Stylolites and
stylolaminae common.
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A-45: Ferroan dolomite, polymodal (0.03-0.6 mm), nonplanar; allochems
replaced nonmimically (peloids); matrix replaced . Dolomudstone to dolowackestone .
FeO rims accent dolomite rhombs ("ghost rhombs") now contained within
recrystallized polymodal nonplanar dolomite matrix. No cements.

Stylolites and

stylolaminae common. One dolomite veinlet.
A-46: Ferroan dolomite, polymodal (0.05-0.5 mm), nonplanar; no
determinable allochems; matrix replaced. Dolomudstone? or dolowackestone?
Ghost rhombs. Twinned nonferroan saddle dolomite present. No cements or veins.
Stylolaminated .
A-47: Ferroan dolomite, polymodal (0.05-0.5 mm), nonplanar with blebs of
planar-s formed by ghost rhombs; allochems nonmimically replaced (peloids); matrix
replaced. Dolowackestone. Patches of twinned nonferroan saddle dolomite present.
No cements . Stylolites and stylolaminae common . Dolomite veins and vugs
present.
A-48: Ferroan dolomite, polymodal (0.02-0.9 mm), nonplanar and some zones
of planar-s formed by ghost rhombs; allochems nonmimically replaced (peloids);
matrix replaced . Dolowackestone. Twinned, nonferroan saddle dolomite occurs in
patches . No cements. Some stylolaminae and two generations of veins: calcite
veinlet cross-cuts dolomite veinlet.
A-49: Ferroan dolomite , polymodal (0.3-1 mm), nonplanar; no determinable
allochems; matrix replaced. Dolomudstone? or dolowackestone?

Blebs of

nonferroan, polymodal, nonplanar dolomite present. Ferroan saddle dolomite patches
occur. Ghost rhombs common (0.08-0.4 mm) and some extant rhombs are present.
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No cements. Stylolites and stylolaminae common. Quartz and plagioclase
associated with ghost rhombs.
A-50: Ferroan dolomite, polymodal (0.04-1.2 mm), nonplanar; no
determinable allochems; matrix replaced. Dolomudstone? or dolowackestone?
Patches of saddle dolomite. Zoned rhombs common (0.05-0.4 mm), as are ghost
rhombs. Quartz appears to be associated with zoned rhombs. Pods of twinned,
ferroan saddle dolomite present. No cements. Stylolites and stylolaminae common.
A-51: Ferroan dolomite, polymodal (0.4-1 mm), nonplanar; no determinable
allochems; matrix replaced. Dolomudstone? or dolowackestone?

Nonferroan saddle

dolomite patches. No cements. Stylolaminae and stylolites common .
[Up to this point all sections exhibit the same cathodoluminescent pattern:
homogeneous, dull orange luminescence. Limestones barely luminesce.]
A-52: Ferroan dolomite, polymodal (0.04-0.2 mm), nonplanar; no
determinable allochems; matrix replaced. Dolomudstone? or dolowackestone? Some
quartz associated with ghost rhombs and some authigenic quartz. Twinned
nonferroan saddle dolomite. No cements, stylolitic features, or veins.
Cathodoluminescence reveals following pattern: typical homogenous background, but
isolated blebs of zoned (up to 5 generations) orthodolospar.
A-53: Ferroan dolomite, polymodal (0.02-1 mm), nonplanar with planar-s
zones; allochems replaced nonmimically (peloids); matrix replaced.
Dolowackestone. Nonferroan, polymodal, nonplanar dolomite patches. Twinned,
nonferroan saddle dolomite blebs. Channel cut-and-fill structure in peloid bed.
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A-54: Ferroan dolomite, polymodal (0.04-0.7 mm), nonplanar; allochems not
determinable; matrix replaced.

Dolomudstone? or dolowackestone?

Twinned,

nonferroan saddle dolomite and polymodal nonplanar dolomite blebs are present.
No cements, but stylolaminae and calcite veinlets common.
A-55: Ferroan dolomite, polymodal (0.2-1.5 mm), nonplanar; allochems not
determinable; matrix replaced.

Dolomudstone? or dolowackestone?

nonferroan saddle dolomite present.

Twinned,

No cements, stylolitic features, or veins.

Cathodoluminescence reveals pattern similar to that in A-52.

Cataract Canyon
Located approximately 8 km north of Brigham City on the Brigham City
quadrangle.

Sampling traverse was in small side canyon on the north side of

Cataract Canyon and began at about 1620 m (5300 ft) (Fig. 30).
C-4a : Ferroan dolomite, polymodal (0.03-1 mm), nonplanar; allochems
replaced nonmimically (peloids); matrix replaced.
dolowackestone?

Dolomudstone? or

Zoned ghost rhombs accented by FeO.

saddle dolomite present.

No cements.

Stylolaminated.

Twinned, nonferroan
Dolomite and calcite veins

common.
C-4b: Calcite, muddy wackestone.

Poikilotopic dolomite rhombs and

dolomitized grains. No cements or stylolitic features.

Calcite veins present.

C-8: Ferroan dolomite , polymodal (0.07-1 mm), nonplanar; allochems
replaced nonmimically; matrix replaced.
dolomite present.

Dolowackestone?

Nonferroan nonplanar

Nonferroan saddle dolomite in voids, usually twinned.

rhombs and extant rhombs.

No cements.

Ghost

Stylolitic features and calcite veins
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Fig. 30. Location of the Cataract Canyon sampling traverse (Brigham City 7 1/2
minute quadrangle).
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present.
C-9: Ferroan dolomite, polymodal (0.8-1.2 mm), nonplanar, allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone?

Ghost rhombs

common (0.08-0.2 mm). Isolated quartz-filled interstices. Nonferrroan saddle
dolomite present in blebs. No cements. Stylolitic features common, as are dolomite
and calcite veins.
C-11: Ferroan dolomite, polymodal (0.12-1.5 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone.

Large ferroan

saddle dolomite crystals present (0.8-1.6 mm). Blebs of nonferroan saddle dolomite
present. No cements. Stylolaminate. Dolomite and calcite veins.
C-12: Ferroan dolomite, polymodal (0.12-0.6 mm), nonplanar; allochems
replaced nonmimically (peloids, echinoids?); matrix replaced. Dolowackestone.
Some ferroan saddle dolomite . Patches of nonferroan saddle dolomite and
nonferroan polymodal nonplanar dolomite. No cements. Stylolaminated. Calcite
veins cross-cut nonferroan dolomite veins.
C-14: Ferroan dolomite, polymodal (0.08-0.85 mm), nonplanar; allochems
replaced nonmimically (peloids); matrix replaced. Dolowackestone.

Some ghost

rhombs present. No cements. Stylolitic and dolomite and calcite veins present.
C-15: Ferroan dolomite, polymodal (0.03-0.8 mm), nonplanar, allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone.

Both extant

and ghost rhombs are present. Ferroan and nonferroan saddle dolomite present.
Ghost rhomb in saddle dolomite? No cements or veins. Some stylolaminae.
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C-16: Ferroan dolomite, polymodal (0.02-0.6 mm), nonplanar; allochems
replaced nonmimically (peloids); matrix replaced. Dolowackestone. Nonferroan
saddle dolomite (up to 1.2 mm) present. No cements. Stylolitic features and
dolomite veins common.
C-17: Ferroan dolomite, polymodal (0.03-1.8 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone. Twinned,
nonferroan saddle dolomite (0.2-0.5 mm) present. No cements. Stylolitic features
and dolomite veins present.
C-18: Ferroan dolomite, polymodal (0.18-0.5 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone. Blebs of ghost
rhombs present. Nonferroan, polymodal dolomite (0.3-0.45 mm) present. Twinned,
nonferroan (0.2-0.6 mm) and ferroan (0.2-1.2 mm) saddle dolomite common. No
cements. Stylolaminated. Calcite vein cutting dolomite vein.
C-19: Ferroan dolomite, polymodal (0.03-1.2 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone. Zoned dolomite
ghost rhombs . No cements. Stylolaminate. Dolomite veins present.
C-21: Ferroan dolomite, polymodal (0.2-0.5 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone. Blebs of
nonferroan, polymodal (0.3-1.2 mm), nonplanar dolomite. Zoned dolomite rhombs
and some rhomb ghosts (0.18-0.6 mm). Nonferroan saddle dolomite patches
present. No cements. Stylolaminate. Dolomite veins present.
C-22: Ferroan dolomite, polymodal (0.2-0.6 mm), nonplanar; allochems
replaced nonmimically (peloids); matrix replaced. Dolowackestone. Zoned dolomite
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rhombs (0.03-0.05 mm). Nonferroan saddle dolomite (0.6-1.2 mm) common. No
cements. Stylolaminae and dolomite veins common.
C-23: Ferroan dolomite, polymodal (0.2-0.9 mm), nonplanar, allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone.

Nonferroan,

polymodal (0.3-0.9 mm), nonplanar dolomite present locally. Zoned dolomite
rhombs (about 0.04 mm) common. No cements. Stylolaminae and dolomite veins.
C-24: Ferroan dolomite, polymodal (0.08-0.5 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone.

Nonferroan,

polymodal (0.2-0.3 mm), nonplanar dolomite locally present. Zoned dolomite
rhombs (0.02-0.06 mm) present as is nonferroan saddle dolomite (about 1.1 mm).
No cements. Stylolaminae and calcite and dolomite veins.
C-25: Ferroan dolomite, polymodal (0.04-0.7 mm), nonplanar; allochems
replaced nonmimically (peloids) and mimically (echinoids); matrix replaced .
Dolowackestone. Ghost rhombs present. Blebs of nonferroan, polymodal, nonplanar
dolomite occur. Ferroan saddle dolomite present. No cements. Stylolaminae and
dolomite veins present.
C-28: Ferroan dolomite, polymodal (0.1-0.3 mm), nonplanar, allochems not
determinable; matrix replaced. Dolowackestone? or dolomudstone? Extant dolomite
rhombs (0.1-0.2 mm) common, form local planar-s blebs. No cements . Stylolitic
features and dolomite veins present.
C-29: Ferroan dolomite, polymodal (0.25-0.45 mm), nonplanar; allochems
replaced mimically (echinoids) and nonmimically (peloids); matrix replaced.
Dolomudstone. Ferroan saddle dolomite present. Nonplanar dolomite twinned. No
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cements . Stylolaminae and calcite and dolomite veins present .
C-30: Ferroan dolomite, polymodal (0.06-0.5 mm), nonplanar to planar-s;
allochems absent; matrix replaced.

Dolomudstone.

Zoned dolomite rhombs (0.06-

0.2 mm). Nonferrroan saddle dolomite cuts across rhombs. No cements.
Stylolaminated, with calcite veins cutting dolomite veins.
C-31: Ferroan dolomite, polymodal (0.03-0.5 mm), nonplanar; few allochems
nonmimically replaced; matrix replaced . Dolomudstone.

No rhombs.

No cements .

Stylolaminae and dolomite veins present.
C-32 : Ferroan dolomite, polymodal (0.03-0.9 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced.

Dolomudstone.

Zoned rhombs

(0.04-0.15 mm) and ferroan saddle dolomite (0.6-0.9 mm) present.

No cements.

Stylolaminae and dolomite and calcite veins common .
C-33: Ferroan dolomite , polymodal (0.2-0.6 mm), nonplanar; few allochem s
replaced mimically (echinoids) and nonmimically (peloids); matrix replaced .
Dolomudstone . Pods of nonferroan , polymodal, nonplanar dolomite present. No
cements . Stylolaminae and dolomite veins present.
C-34: Ferroan dolomite , polymodal (0.06-0.45 mm), nonplanar
allochems nonmimically replaced (peloids); matrix replaced.

to planar-s ;

Patches of nonferroan ,

polymodal, nonplanar to planar -s dolomite present. No cements.

Stylolaminae and

calcite veins present.
C-35: Ferroan dolomite, polymodal (0.2-0.5 mm), nonplanar;
nonmimically replaced (peloids); matrix replaced.
dolomudstone?

allochems

Dolowackestone or

Nonferroan, polymodal dolomite common (0.3-0.6 mm; up to 10%
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of section). Extant rhombs present. Stylolaminae, calcite and dolomite veins
present.
C-36: Ferroan dolomite, polymodal (0.2-0.5 mm), nonplanar; allochems rare,
nonmimically replaced (peloids); matrix replaced. Dolomudstone. Twinned,
nonferroan saddle dolomite (0.2-1 mm) present. Malachite associated with stylolites.
Few scattered extant rhombs present. No cements. Stylolitic features common.
Dolomite veins present.
C-37: Ferroan dolomite, polymodal (0.3-0.6 mm), nonplanar to planar-s;
allochems indeterminate; matrix replaced. Dolomudstone?

Nonferroan saddle

dolomite (0.6-2 mm) associated with rhombs. Extant zoned dolomite rhombs (not
overprinted; 0.04-0.3 mm) present in midsection. Patches of nonferroan polymodal
dolomite present. No cements. Stylolitic features common.
C-39: Ferroan dolomite, polymodal (0.3-0.6 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced. Dolowackestone.

Extant rhombs

present. Nonferroan and ferroan saddle dolomite common in thin section, both are
twinned. No cements. Stylolaminae present.
C-40: Ferroan dolomite, polymodal (0.3-1 mm), nonplanar to planar-s;
allochems nonmimically replaced (peloids); matrix replaced. Dolowackestone.
Extant, zoned and ghost rhombs common. Nonferroan saddle dolomite common.
No cements. Stylolitic features and calcite veins present.
C-41: Ferroan dolomite, polymodal (0.1-0.5 mm), nonplanar to planar-s,
allochems nonmimically replaced; matrix replaced. Dolowackestone.

Overprinted

rhombs (0.12-0.5 mm) common. Both ferroan and nonferroan saddle dolomite
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present, usually twinned.

No cements or veins present.

Stylolaminated.

C-42: Ferroan dolomite, polymodal (0.3-0.7 mm), nonplanar to planar-s;
allochems indeterminate; matrix replaced.
common.

Dolomudstone?

Extant, zoned rhombs

Some ferroan saddle dolomite (about 1 mm) scattered throughout.

No

cements or veins. Stylolaminate.
C-43: Ferroan dolomite, polymodal (0.15-0.4 mm), nonplanar; allochems
indeterminate; matrix replaced.

Dolowackestone? or dolomudstone?

nonferroan, polymodal (0.25-0.45 mm), nonplanar dolomite.

Small patch of

Ferroan and nonferroan

saddle dolomite as in section C-39. No cements, calcite veins or stylolaminae
present.
C-45: Ferroan dolomite, polymodal (0.03-1.2 mm), nonplanar to planar-s;
allochems nonmimically replaced (peloids); matrix replaced.
Ferroan saddle dolomite (up to 2.2 mm) present.
common.

Dolowackestone.

Extant rhombs (up to 0.3 mm)

No cements, stylolitic features, or veins.

C-46: Ferroan dolomite, polymodal (0.1-0.5 mm), nonplanar to planar-s;
allochems indeterminate; matrix replaced.

Dolowackestone? or dolomudstone?

Nonferroan, polymodal (0.3-0.6 mm), nonplanar dolomite patches present.
saddle dolomite (about 0.4 mm) present.

Ferroan

Ghost rhombs (0.4-1 mm) common,

forming isolated planar-s texture. No cements or veins. Stylolaminated.
C-47: Ferroan dolomite, polymodal (0.01-0.3 mm), nonplanar; allochems
indeterminate; matrix replaced.

Dolowackestone? or dolomudstone?

Stylolaminate, with calcite veins cutting dolomite veins.

No cements.

101
C-48: Ferroan dolomite, polymodal (0.03-0.3 mm), nonplanar, allochems
nonmimically replaced (peloids); matrix replaced.
saddle dolomite (0.5-2 mm) pods present.

Dolowackestone.

No cements.

Nonferroan

Stylolaminate, with calcite

veinlets.
C-49: Ferroan dolomite, polymodal (0.02-0.4 mm), nonplanar, allochems
nonmimically replaced (peloids); matrix replaced.
small-scale channel scour up to 2 mm thick.
mm) pervasive.

No cements.

[Cathodoluminescence

Dolowackestone.

Peloids form

Nonferroan saddle dolomite (0.12-1.5

Stylolaminate, with anastomosing dolomite veinlets .
reveals up to this point the by-now typical

homogenous dull orange pattern .]
C-52: Ferroan dolomite, polymodal (0.03-0.5 mm), nonplanar; allochems
nonmimically replaced (peloids); matrix replaced.

Dolowackestone.

Nonferroan

saddle dolomite (about 1 mm to 2 mm) very common (up to 50% of section).
cements (with petrographic scope) or veins.

Stylolaminate.

No

Cathodoluminescence

reveals zoned orthodolospar pods.

Blacksmith Fork Canyon
Located approximately 1.6 km south of Blacksmith Fork Canyon on the eastfacing side of South Cottonwood Canyon.

The thin sections are from Buterbaugh

(1984).
BF-5a and 5b: Nonferroan dolomite, polymodal, nonplanar.
saddle dolomite present.

Ghost rhombs.

No cements, stylolitic features, or veins.

BF-6a and 6a': Nonferroan dolomite, polymodal, nonplanar.
ferroan saddle dolomite.

Nonferroan

Extant and ghost rhombs.

No cements.

Nonferroan and
Stylolitic, with
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calcite veins.
BF-8a and 8b: Nonferroan dolomite, polymodal, nonplanar. Nonferroan
saddle dolomite. Extant and ghost rhombs. No cements.

Stylolitic, with calcite

and dolomite veins.
BF-9a. 9b, and 9c: Ferroan dolomite, polymodal, nonplanar. Ferroan saddle
dolomite. Ghost rhombs.
BF-1 la: Ferroan and nonferroan dolomite, polymodal, nonplanar.
Stylolaminate .
BF- 13a: Nonferroan dolomite, polymodal, nonplanar. Stylolitic.
BF-14a: Calcite, wackestone. Nonferroan rhombs. Stylolitic. Calcite vein.
BF-15a, 15b, and 15c: Nonferroan dolomite, polymodal, nonplanar.
Nonferroan and ferroan saddle dolomite. Extant and ghost rhombs. Stylolitic.
Dolomite veins.

Appendix B: Point Count Data
Sample A-42 was taken in Antimony Canyon at the contact between the
limestone and upper dolostone. In the field the limestone-dolostone contact appears
sharp; however, in thin section the contact is more gradational and diffuse. A
detailed point count was performed to better describe this mineralogic transition
zone. On the gross texturaV mineralogic scale, the limestone is calcitic mudstone
and the dolostone is nonferroan, polymodal, nonplanar dolomite. The transition
zone can be best described in terms of a point count of the amount of dolomite in
the thin section. Point counting was made with a 0.02 mm vernier stage and 100
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points were counted in each transect.

By making numerous transects through the

section, the modal percent dolomite through the transition zone was determined.
Modal percent dolomite is defined here as simply: percent dolomite
dolomite counts / total counts.

= number

of

The results of the point count transects are listed in

Table 7.

Appendix C: Dolomitization Models
Fundamental aspects of the popular models of dolomitization are disscussed
in this appendix.

In order for a model to be a viable agent for dolomitization, a

series of conditions must be met (Morrow, 1982b): 1) there must be a supply of
Mg2+; 2) there must be a delivery mechanism for Mg2+; and 3) there must be a
suitable location for dolomitization.

Specific dolomitization models discussed with

respect to the above criteria include the following : 1) sabkha reflux, 2) burial
compaction, 3) mixed water, and 4) Kohout convection .
Seepage-reflux and its cousin sabkha-reflux dolomitization (Fig. 31) propose
that normal seawater evaporates to a brine in shallow tidal lagoons or from storm
tides as seawater passes over a supratidal flat. This creates a density increase in the
water causing it to infiltrate seaward through the underlying sediment.

Mg2+ is

supplied by seawater and is replenished from the lagoon or coastal flood waters.
Dolomitization occurs after the precipitation of gypsum or anhydrite has greatly
increased the Mg/Ca ratio.
Burial-compaction dolomitization (Fig. 32) proposes that dolomitization
results from pore water expelled during compaction of fine-grained sediments.

Mg 2 +
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Table 7. Point-count data from A-42. See discussion above for details and Figure 11 for a
plot of the relationship between limestone and dolostone in the transition zone.

%DOLOMITE

DISTANCE

91.000
90.000
98 . 000
96.000
98.000
96 .000
94 .000
100.000
98 . 000
92 . 000
92 . 000
96 . 000
92 . 000
92.000
88.000
96.000
92 . 000
86 . 000
90 . 000
90 . 000
90.000
98.000
94.000
94 . 000
98 . 000
94. 000
96 . 000
98 . 000
96 . 000
94.000
91 . 000
98 . 000
94.000

0.000
0.200
0.400
0.600
0.800
0 . 100
0.120
0 . 140
0.160
0 . 180
0.200
0 .220
0 .240
0 .260
0 .280
0.300
0 .320
0 .340
0.360
0 .380
0 .400
0.420
0 .440
0.460
0 .480
0.500
0 .520
0 .540
0.560
0 .580
0 . 600
0.620
0.640

%DOLOMITE

DISTANCE

81.000
79.000
62.000
67.000
68.000
55.000
69.000
69.000
73.000
64.000
79.000
79.000
56.000
58 . 000
55 . 000
56 . 000
59 . 000
57 . 000
58.000
49 . 000
48 . 000
53.000
62 . 000

0.660
0.680
0 . 700
0.720
0 . 740
0 . 760
0 . 780
0 .800
0.820
0.840
0 .860
0.880
0 .900
0 . 920
0.940
0 .960
0 . 980
1 .000
1 .020
1 .040
1 .060
1 . 080
1 . 1 00

57 . 000
62 . 000
68 . 000
60 . 000
53.000
50 . 000
63 . 000
62.000
67.000
55 . 000

1 .120
1 .140
1 .160
1 . 180
1 .200
1.220
1 .240
1 .260
1 .280
1 .300

%DOLOMITE

DISTANCE

64.000
58.000
36 . 000
40 . 000
50 . 000
44 . 000
39.000
44.000
24 . 000
29 . 000
33 . 000
30 . 000
29 . 000
26 . 000
33 . 000
28 . 000
18.000
30.000
17 . 000
26 . 000
23 . 000
28.000
35.000
13 . 000
13 . 000
17 . 000
17.000
20.000
19 . 000
20.000
30 . 000
8.000
9 . 000
6 .000

1.320
1 .340
1 .360
1.380
1 .400
1.420
1.440
1 .460
1 .480
1 .500
1.520
1 .540
1.560
1 .580
1.600
1 . 620
1 .640
1 . 660
1 .680
1 .700
1 . 720
1. 740
1 . 760
1 . 780
1 .800
1 .820
1 .840
1.860
1.880
1.900
1 .920
1 . 940
1.960
1.980
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Fig. 31. Schematic diagram of reflux dolomitization.
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Fig. 32. Schematic diagram of basin-compaction dolomitization.
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supply is purported to be from original pore water with an added constituent from
clay mineral transformation. The Mg2+supply is delivered by the compaction-driven
flow. Dolomitization is reported to be enhanced by the high temperature
encountered under burial conditions.
Mixed -water dolomitization (Fig. 33) proposes that dolomitization occurs at
low Mg/Ca ratios within a diffuse zone of mixing of fresh meteoric water and
phreatic water. Mg2+is supplied by seawater and the delivery mechanism is
circulation caused by cause by continuous influx of meteoric water. Slow
precipitation of dolomite is favored in such brackish or dilute settings.
Kohout-convection dolomitization (Fig. 34) proposes that dolomitization
occurs when a density gradient develops between cool seawater and warmer pore
water of a carbonate platform. As cold dense water invades a platform it warms
and is bouyed upward. This creates an open convection cell that carries seawater
through a platform to be discharged as submarine springs. This convection cell can
be deformed by and mixed with mixing zone waters (see above). Mg2+ is supplied
by the seawater and the delivery mechanism is the convection cell.
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Fig. 33. Schematic diagram of mixing-zone dolomitization.
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KOHOUT CONVECTION DOLOMITIZATION

CARBONATE
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Fig. 34. Schematic diagram of Kohout-convection dolomitization.

